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SCtt'WARY 

An Investigation has teen conducted in the NACA Cleveland 
altitude wind ti^el to evaluate the performance characteristics 
of a modified X24C-4B turbojet engine over a range of simulated 
altitudes from 5000 to 45,000 feet, simulated flight Mach numbers 
from 0.25 to 1.07, emd engine speeds from 4000 to 12,500 rpm. The 
engine was modified by the manufacturer to improve the velocity 
and ten5>orature profiles within the engine.. Performance data are 
graphically presented to show the effect of altitude at a flight 
Mach number of 0.25 and the effect of flight Mach number at an 
altitude of 25,000 feet. Original and modified engine performances 
for several specific operating conditions are compared. A complete 
tabulation of average pressures and t^peratures, throughout the 
engine, performance data, and lubrication and fuel-system data is 
presented. 

. The average temperature pattern at the turbine outlet for the 
modified engine conformed more closely to the manufacturer’ s 
desired temperature distribution than for the original configura- 
tion. A comparison of original and modified engine performance 
data showed that with the modified configuration a thrust increase 
from 5 to 14 percent based on original engine output was obtained 
for several specific operating conditions. Application of the 
generalization factors showed that performance variables depending 
upon fuel consiunption that are obtained at one altitude cemnot be 
used in predicting the values of these parameters at any other 
altitude; however, thrust and air -flow values can be predicted for 
a limited range of altitudes from data taken at one altitude. 
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imCDTJCTION 

Performance and operational characteristics of an I24C-4B 
turbojet engine have been investigated in the NACA Cleveland alti- 
tude wind tunnel at the request of the Bureau of Aeronautics, Navy 
Department. Data presenting pressure and teairperature dlstributicms, * 
engine performance, and cooipressor performance are reported in 
references 1, 2, and 3, respective^. 

A modified X24C-4B turbojet engine vas investigated after- 
ccmpletion of the tests of the original engine. Engine modifica- 
tions were made by the manufacturer to lnq>rove the velocity and 
temperature profiles within the engine. The effect of the modifica- 
tions on the compressor performance is presented in reference 4. 

The effects of altitude and fll^t Mach number on the per- 
formance of the modified engine are presented herein. The appli- 
cability of methods used to generalize the data in order to estimate 
the performance at various altitudes from performance data obtained 
at any altitude is discussed. A c<mq)lete tabulation of average 
pressures and temperatures throughout the en^ne, performance data, 
euid lubrication and fuel-system data is presented. 


APPARATUS AND INSTRUMENTATION 

The modified engine was installed in a wing nacelle In the 
test section of the altitude wind tunnel in the same manner as the 
original engine (fig. 1). !In order to obtain pressures at the 
engine inlet that .corresponded to a wide range of flight Mach 
numbers, dry refrigerated air was supplied to the engine through 
a duct from the tunnel nake-up air system. The compressor, the 
combustion chamber,' and the exhaust nozzle of the basic X24C-4B 
engine, described in detail in reference 1, were' modified for the 
■present investigation. 

The compressor was modified to in^nrove the radial velocity 
distribution at the compressor-outlet annulus by twisting the 
eleventh-stage rotor blade tips 6® in the direction of reduced 
angle of attack. 

Cttie. combustion chamber (fig. 2) was modified to Improve the 
tenq?arature distribution at the turbine inlet. The wall perfoac«ii- 
tions of the fourth stop of the combustion-chamber liner were 
omitted and the circular wall perforations in the third stop wore 
changed to rectangular. The total area of the holes in the third- 
step of the modified liner was eqiial to the hole area of the third 
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and fourth steps In the original liner* Introducing the air Into 
the coahuBtlon ohanher farther upstrean; and thereby Increasing the 
penetration, iuiproved the mixing In the secondary conibuetlon zone. • 
Die hlocUng area of the screens at the amnular comhustlon-chaiBber 
Inlet vas reduced* Fen* the original configuration, a screen having 
60 -percent hlooking area vas Installed In the outer annulus and one 
having 40 -percent blocking area vas Installed In the Intenoediate 
annulus* In the modified combustion chamber, these screens vere 
replaced by tvo screens of '30 -percent blocking area. Die fuel 
nozzles for the modified engine had a rated' capacity of 7 gallons 
per hour at a differential pressure of 100 pounds per s<iuare Inch, 

as cempared to 7^ gallons per hour for the original engine* 

with lu^iroved temperature dls-txrlbutlon at the turbine Inlet, 
the manufacturer Increased the allovable terngpexviture limits at the 
turbine outlet from 1250° to 1400° F, as indicated by -the hottest 
thermocouple; a reduction In exhaust-nozzle area vas consequently 
required to ob'taln the new ten 5 )erature limits with 'the npdlfled 
engine. Die exhaust nozzle used In 'this Investigation had an out- 
let area of 170.6 square Inches as cooipared to an area of 183.1 square 
inches for "the original en^ne. 

Ton^erature and pressure measurements were ob'talned at eight 
B-tations in the engine (fig. 3). Die Ins'tanimen'tation Installed In 
the modified engine remained the same as 'that In the original con- 
figuration with -the exception of the addition of ■three 'tenqperature 
rakes at the turbine ou'tlet, making a to"tal of 55 ■thermocouples at 
that survey station. Location and details of "the Instrumon-tatlon 
Ins-balled in the original engine are presented In reference 1. 

X 

■ PROCEDURE 

Performance characteristics of -the engine were obtained at 
simulated altitudes frem 5000 to 45,000 feet, simula'bed flight 
Mach numbers from 0*09 to 1.07, and engine speeds from the idling 
speed of 4000 rpm to the rated speed of 12,500 rpm. For most 
operating conditions, the Inlet-air temperature was held at 
approxi ma'bely NACA standard values corresponding to -the simulated 
fllgpit conditions. Inlet-alr temperatures below -20° ?, corre- 
sponding to high «G.titude and low flight Mach number, vere not 
ob'talned. At the higher altltxides, the minimum engine speed was 
sometimes limited by combustion blowout and •the maximum engine 
speed by a 'turbine -outlet •benqoerature of 1400° F at the hot-best 
thermocouple. 
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Thnist vae measwed with the tunnel balance ecalee and was also 
calculated from pressure and temperature measurements obtained at 
the exhaust-nozzle outlet. Air flow was calculated from pressure 
and temperature measurements made in the engine -inlet duct and at 
the e:diauet-nozzle outlet. Both values of Jet thrust and air flow 
are presented in the tabulated <teta; perfanaance parameters pre- 
sented in -the tabulated data and the performance curves that involve 
thrust and air flow are calculated by using thrust measured by the 
balance scales and air flow measured at the engine inlet. The 
methods of calculation used in this rep<n*t are the same as pre- 
sented in reference 2. 


RESULTS AND DISCUSSION 

A summary of performance data, average pressures and tempera- 
tures throu^out the engine, and lubrication and fuel -system data 
is presented in tables I, II, and III, respectively, for all alti- 
tudes, flight Mach numbers, and engine speeds at which data were 
obtained with the modified engine and a 170,6-sq[uare-lnch exhaust 
nozzle. A coii 5 )arison of aveiage temperatirre patterns at the tur- 
bine outlet for both the cariginal and modified engines showing the 
relation to the manufacturer' s desired tenqperature distribution is 
presented in figure 4 for an e0.tltude of 5000 feet, engine speed 
of 12,500 rpm, and a fli^t Mach number of 0.25. In order to con- 
serve turbine life, operation of the original engine was limited 
to a maximum turbine -outlet ten 5 >orature limit of 1250° F (1710° r). 
As a result of the modifications made to the engine, the teng)era- 
ture distribution at the turbine inlet was Improved euid the tem- 
perature limit raised to 1400° F (1860° R) as indicated by the 
hottest thermocouple. The average temperature pattern at -Hie tur- 
bine outlet for the modified engine with a 1400° F limit (fig. 4) 
conformed more closely to the manufacturer's desired temperature 
dls-feribution than did the original configuration. The data indi- 
cate that the temperature limit for the original engine was some- 
what 'more conservative than that of the modified engine. 


Engine Performance 

Effect of altitude. - The effect of altitude on engine per- 
formance is shown in figure 5 for data obtained at a constant 
flight Mach number of 0.25 and altitudes from 5000 to 45,000 feet.- 
The trends of the performance curves for the modified engine fol- 
lowed closely those of the original engine. Jet thrust, net 
thrust, air flow, and fuel -consumption are presen-fced in fig- 
ures 5(a), 5(b), 5(c), and 5(d), respectively. 


NACA EM No. 5 ^ 7122 ^ 


5 


The specific fuel consumption Tsased on net thrust (fig. 5(e)) 
was not appreclahly affected at any engine speed when the altitude 
was raised from 5000 to 15,000 feet and was unaffected at engine 
speeds above 10,000 rpm when the altitude was raised to 25,000 feet 
however, further increase In altitude above 25,000 foot raised the 
specific fuel consumption at all engine speeds. 

The fuel -air ratio (fig. 5(f)) increased as the altitude was 
raised; the Increase in fuel -air ratio became more pronounced at 
the hl^ altitudes. The minimum fuel -air ratio occurred at an 
engine speed between 9000 and 10,000 rpm for each altitude. 

Ihe exhaust-nozzle -outlet total temperature (fig. 5(g)) 
Increased at the high engine speeds as the altitude was raised. 

For engine speeds below approximately 11,000 rpm, an increase In 
altitude to 25,000 feet decreased the exhaust -nozzle -outlet tem- 
perature; however, for altitudes above 25,000 feet, the tempera- 
ture increased considerably. 

Effect of flight Mach number. - !Ihe effect pf flight Mach 
number on engine performance is shown in figure 6 for data obtained 
at an altitude of 25,000 feet and fll^t Mach numbers from 0.25 
to 1.07. For all en^ne speeds, raising the flight Jfeich number 
Increased the jet thrust (fig. 6(a)), air flow (fig. 6(c)), and 
specific fuel consumption based on net thrust (fig. 6(e)). 

Eaislng the fli^t Mach number- from 0.25 to 0.53 decreased 
net thrust (fig. 6(b)) throughout the entire range of engine 
speeds presented. As flight Mach number was increased beyond 0,53, 
net thrust decreased at low engine speeds and increased at hi^ 
engine speeds. 

. As the flight Mach number was raised, the fuel consun 5 >tlon 
(fig. 6(d)) increased at engine speeds above 10,000 rpm and 
decreas^ at lower engine speeds. The fuel -air ratio (fig. 6(f)) 
decreased at all engine speeds as the fli^t Mach number was 
raised from 0.25 to 0.86 but increased at high engine speeds with 
a further Increase in flight Mach number. 

Throughout the range of engine speeds, the exhaust-nozzle- 
outlet temperature (fig. 6(g)) decreased for flight Mach numbers 
up to and including 0.86 but increased slightly at hig^ engine 
speeds with a further Increase in flight Mach nimber. 
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Gonorallzed Perfonaanco 

The altitude performance data that vere presented in figures 5 
an d 6 have been generalized to stcmdard sea-level conditions by use 
of the factors ratio of absolute ambient static pressure to 
absolute static pressure corresponding to HACA standard atmosphere 
at sea level, and 6 , ' ratio of absolute ambient static temperature 
to absolute static temperature corresponding to HACA standard 
atmosphere at sea level. The genereUlized performance data are pre- 
sented in figures 7 and 8. The concept of flow similar ilgr and the 
application of dimensional analysis to the performEmce of turbojet 
engines has led to the development of these factors with which data 
obtained at severeil altitudes may be generalized. In the develop- 
ment of this method of generalization, the efficiencies of the 
• engine components were considered to be unaffected by c h a n ges in 
altitude. 

Effect of cO-titude. - The effect of altitude on generalized 
engine performance is shown in figure 7 for data obtained at a 
constant flight Mach number of 0.25 and altitudes from 5000 to ■ 
45,000 feet. 

Jet idiruet, net thrust, and air flow were the only performance 
data that generalized to a single curve at any engine speed or 
altitude for which data were obtained. Application of the gen- 
eralization factors corrected the jet thrust (fig. 7(a)) and net- 
thrust (fig. 7(b)) to a single curve at altitudes up to 15,000 feet 
for al l engine speeds. • At corrected engine speeds below 10,500 rpm, 
the jot thrust and net thrust genereilized to a single curve at 
altitudes up to 25,000 feet. For all engine speeds, the corrected 
jet thrust and corrected not thrust increased as the altitude was 
raised above 25,000 feet. The air flow (fig. 7(c)) generalized to 
a single cuirve at altitudes up to 25,000 feet for all engine speeds; 
increase in altitude above 25,000 feet, decreased the corrected air 
flow at all engine speeds. 

Corrected fuel consumption (fig. 7(d)), corrected specific 
fuel consumption based on net thrust (fig. 7(e)), corrected fuel- 
air ratio (fig. ’7(f)), and corrected exhaust -noz zle -outlet total 
temperature (fig. 7(g)) increased markedly as the altitude was 
raised. 

Failure of the thrust and air -flow data to generalize for all 
altitudes and corrected engine speeds is attributed to the change 
in compressor efficiency with altitude. Failure of variables 
depending upon fuel consumption (figs. 7(d^ to 7(g)) to generalize 
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to a single curve for any engine speed or altitude at which data 
were obtained Is attributed to changes in compressor and coaibustlon 
efficiency with altitude. 

Effect of flight Mach number. - The effect of fli^t Mach num- 
ber 'on engine performance generalized to. standard sea -level condi- 
tions is shown in figure 8 for data obtained at an altitude of 
25,000 feet and at flight Mach numbers from 0.25 to 1.07. Die 
effect of flight Mach number on the generalized performance was 
simlleuc* to the effect oh the engine performance data presented in 
figure 5. The data presented in figure 8 do not represent the ‘ 
absolute generalized sea-level performance of the engine inasmuch 
as the application of. the generellzation factors did not correct 
the performance data for various altitudes to a single curve. 

Comparison of original and modified engine performance. - Data 
showing the percentage change in the corrected values of not thrust 
and specific fuel consumption based on net thrust for the modified 
engine as con^ared to the original engine for several specific 
operating conditions are presented in the following table : 


(a) CoiTocted engine speed, 13,000 rpm®" ; altitude, 25,000 feet. 


Flight 

Mach 

number 

Correci 

thrust 

(11 

bed net 
o) 

Change in 
corrected 
net thrust 
(percent) ^ 

Corrected specific 
fuel consumption 
based on net thrust. 

Change in 
corrected 
specific 
fuel con- 
suB^tion 
based on 
net thrust 
(percent) 

Orig- 

inal 

engine 

Modi- 

fied 

engine 

(lb)/(hr)l 

[lb thrust) 1 

Original 

engine 

■ 

0.25 

2925 

3150 

.8 

1.250 

1.225 

-2 

.53 

2760 

3040 

10. 

1.370 

1.355 

-1 

.73 

2760 

3040 

10 

. 1.400 

1.400 

0 

.86 

2925 

3210 

10 

1.445 

1.445 

0 

1.07 

3050 

3490- 

14 

1.510 

1.560 

3 


^Engine speeds are the maximum speeds at which data were obtained 
over the ccn5)lete range of test conditions. 
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(■fa) Corrected engine speed, 12,OO0 rpin?;fli^t Mach number, 0.25. 


Altitude 

(ft) 

Corrected net 
thrust 
(It) 

Chimge in 
corrected 
net thrust 
(percent) 

Corrected specific 
fuel consumption 
based cm net thrust. 
(lb)/(hr)(lb thrust) 

Change in 
corrected 
specific 
fuel con- 
suB^tion 
based on 
net thrust 
(percent) 

Orig- 

inal 

engine 

Modl- 

fied 

engine 


Modified 

engine 

5,000 

2200 

2320 

5 

1.175 

1.165 

-1 

15,000 

2200 

• 2320 

5 

1.220 

1.200 

-2 

25,000 

2200 

2400, 

9 

1.280 . 

1.230 

-4 

'35,000 

2340 

2480 

6 

1.365 

1.365 

0 

45,000 

2525 

2810 

11 

1.540 

1.490 , 

-3 


^Engine speeds are the ntfuclnnnn speeds at which data were obtained 
over the ccnqplete range of test conditions. 


SUM4AEY GP EESUI/TS 

The following results were obtained from the altitude -wind- 
tunnel investigation. of the modified X24C-4B turbojet engine at 
simulated altitudes from 5000 to 45,000 feet, simulated flight Mach 
numbers from 0.25- to 1.07, and engine speeds from 4000 to 12,500 rpm; 

1. The average temperature pattern at the turbine outlet for 
the, modified engine conformed more closely to the manufacturer* s 
desired temperature distribution .than did the original configuration. 

'2. A ccmrparieon of original and modified engine performance 
data showed that wltii the modified configuration a thnist increase 
of from 5 to 14 percent based on original engine output was obtained 
for several specific operating conditions. 

3. Application of the generalization factors showed that per- 
formance variables depending upon fuel consumption that are obtained 
at one altitude cannot be used in predicting the values of these 
variables at any other altitude; however, thrust and air -flow values 
can be predicted for a limited range of altitudes from data taken 
at one altitude. 
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4. The specific fuel consun^tlon “based on net thrust increased 
.at all engine speeds at a flight Mach number of 0.25 when the alti- 
tude was raised above 25,000 feet. Increasing the flight Mach num- 
ber raised the specific fuel consun^tion based on net thrust at 
engine speeds. 


Fli^t Propulsion Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, December 22, 1947. 


Approved ; 

Alfred W. Young, 
Mechanical Engineer. 


William R. Prince, 
Mechanical Engineer. 
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qoXqt'®— ®X22ou-q3riSqx3 

C-tOCMC'CMCMOOtOrMCOtOtOi-lOtOrHt'taCilOi-t'f'M’OtOCOCOOi-ti-HO 

iO'M<C»COtO'M<'OcOlO'M''?[OtOCMlOtC‘CPinOOr'00>CCOCMl^tOtOOiH 

OtotoOiOi-tt'totocoOr-t'M'OiHiotooc'tocOi-iC'McoOt'jtno'M'caio 
rMi-(rMCMeMtOtO-M<'>r'J<lO<-<i-li-ICMCMtO'<S<'S'-M<'«:">^3iO i-ii-tiHfHCMCMtO 

s 

(oas/qx) 

MOXJ JT8 qaxux-x*®0 

r-lOO#005CpCQt-Ot^^O^^COOC0^3'^00-0>iO»OiHCDOOOCOlO 

COOi»OinOiOaiOOOOOO(OOiOJH»OCOOCiC^lOt^yOO»W^C'3C^rH 

oott'i-iioi-it>rriocoOr-tve'r-tiotoototoaocta}rif3CiO'<:’<on 
<-li-liHCMeMlOlO'<S<'M<'M<>ni-(MHCMCMtO'M<V>fM>>niO CM CMtO 
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U5«)tOO-0>rHUi5j«inO}l0003«7Jt^Ot-flO'rCOtO'^tOCOChOeOHf3CitO 

U)030#HOtOOi*?j«OiOiO^>>'?fU5tO<Or-COWCsJOO-i-4-«rOJHe3Ht^iO 

fHC'lOtO0*Ot0P»-t'5* 

Hf-4^C’3W »-4iHr-<i-H03Cd f-t 
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C'COO>lOIO-^CM'M<C3tOCMrHC»<OcatOOOC»IO'M*0>a)'S*C-OCMtOOi-|CJl 
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I . . . ^ w ^ ^ ^ W •-/» v» ^ u.. 

' « -V ^ j c* q? -1 r- | 


<opo2)-«j*oooc^-^?o«>rHD-oo-^y?a)c>oooe^-^^ 

' O I, f-( to a fj « rH a Cl .J« C5 CO 3 O vTl X TT .'5 C- •-•. 


1 coooooooooobcbo oooocbo 

• 0C««»00 
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lO lO rt r- to .o c\i > rt c. o rt M o 

-.0-H^C-XOiCTOi-t'OCJ> 




r-c rH rH * 

iH 

1 ©■«"<a<nc-®C'i<-(0<';toxci o>C''~toooc. toOr-< — ^ 

*^-e«^^,^O^r*^CD’0i-CCDSjf-I5ri-'ii/irr/Ul3iC5O^ 


: CDtOC^4nC^CDO^tOOi>Oq/CJO'—G50C. W W 

t W lO rH r-l rH iH Ci rt o pH O T 

coOi-rrt'>ocowo5^ri;»'Oc^C5.H;j-'>C'iH‘3>'j*ocbo 

1 «£»t^t0>0<H[U^»0CJC3O:0r-0>CDCJ'^0C.ir-*<0D“*^C*J-^'^ 

^^-O-0O^'5r^^0C>C^•CD«0C■*Tr'0:0^s0rt2>^•^•^0 


C0MC>*C^««£)OO^'^*«?*Wt0a5Ot0 U>tOWCoC'.«5 
■o<i)torHC'cCMcotOT*oo<ooc^c« 

■'?COtOX■«’^i“'C'Cr-<.-cSlCJ^ ^)w^'tO^■5^ XOOjI 
r^r^c•;c.^v■!^-'l.otott,^o.HC'JCM'0'0'T•ototo^D^'^o| 

1 «-« ^ e- (O r-i •!• t- o ^ to to CO o o ( 0 c» r -1 lo to c- o i-i ■ 

•^04CjC4OCi*r^c^ino^«j’^<7>cDCsiC^<aii<Maital 


1 C««)OOCvJ''£>»^fO'-'C‘2 iWCOt^rtC^ 

CJ Csj 1 f r-4 r-( N w O 1 1 rS c* Cv 

’ r-l .*0 (TJ O q> ^'><0 C» ^ ^ r C4 CU iH to O O rH 

r-iMwc4to?^i 1 iHCJrico^^to 

1 to rt 7> O to 0- r^ O > « O O C- ■<3' •^•'-'lO o to to •O O to— — 

• to C' O .-< to to O O ^ to C' to <?. tu O C- Cj c -0 O c. rt X 


1 Oe*'i^*#-f^^^«£>C0*4«OO^0>^C4'-'t0O^0•0t0r-f> — ^ 
] rH Cy to fH iH C-i to V* *T 
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..K.-. ...._ — . _.. 


^tobwc'C'tOtooiotooioo.’O'-'CsJnruo^tor-iJO'— 
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CiCC»0<J'OtOC-oa>O^03 0.'P0-'^ C^CDciOiHr,'C^ 
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rH H H H H pH pH rH H H H 

■ O O O O O O H C4 rO nr X> -.0 CO CO CD 05 O c; pO T? hO lO 
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ooooooooococoooo ooooooo 
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• fro* •oee«**o ••••« 

H pH rH «0 lO C4 pH H pH H pH V C4 rH fH H 

ca 

to to -'5 cj rt to cj -t ^ <-i i-< w ^ N o cti to cj CJ cj c. c; 
C't'^tOCJf-tr-liHi-tr-l-t tr-OCCr-Pi-li-li-li-lH 
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pH pH C4 ^ pH |H C4 -H -H CJ C4 C4 

pHpHpH rHrHpHfHpH 

tOCOHOC^C^'3*05TrOr>.C^tOC4tO-^C^u'5tOeOO>C^CO«^'^ 

^iHO'OtOnrnrOOCjnrcTinrO^HPDtOtOC'JHCDyjO 


'l‘toC'<-|tOiO'0<-lf-i-<tDt'OCto i-(tOOOOMlC 

MtOtOiHHrtHOJCJtOtOtOtO->?^ C-lCutOrt*?’^-? 

• ♦••*««**0O«O90»*OOOC»O 

tOOC^O^t>t»OCwnr'T*vC••05HtOl-OC5C'^lO*«,t^CDC» 
iH pH pH C4 C4 C4 CJ W • p^ rH rH H C4 Ci C^p C4 C\. ;4 

tOOtOOWr^.OO<H(yatOiO!0'^'^tOC”rr-it3>-<5<t' 

iO'>:<0-w<tr'OOc--^i=lM.-<'<rr-iOOtoOtOi-iC~tO!0 


■3<totoOrtioo,.Hc~cjtoao,-io .-^lOr^^o.^t•:l'^ 
>1 -0 to <-l r-l W >-( C'l CJ to -0 to •>r -V c-j O ^0 "T >? 

O C5 H p> O O JO nr *r nr c- COC,‘OJ^05C<-'r M^t-a>Cn* 
rH pH r-< C4 CJ 04 C- OJ pH pH pH pH C, C-i CnI Cv. C4 Cv 

tOCDpHtOtOtOrHnrC5^C5t»C005nr'*^C5*iCDt‘ ^v5nr*p^<«-«* 
C**C*CDO05{0Cw04t0pHC‘4u0O*rH fitOrHnriOC5C5tO t3 S3 
to pH I 1 pH lO to o fC > OJ H |Hnr05CUl0^w 

pHpHpHI pHpHhpHI t pHpH 

tOlOO^Ort30tOrHC'0;COJ50C-l>Or 3'S‘OOt.O 
rH'3<ca'<j'!Oooc-toct-ot.oco t''5!Oioe'C'toooo 
l-l«'OtO®Or-'C'. 1 1 r-«C'lT!"C'0irHC'.l-l 

1 t f~H rH rH rH ' — t 


.-. ...H.— H.-H- "*.* "- — ■ 


tOOJpH rHOPDt*TCDpHt:)OC4nrpH«^y5tOCDt005tOO^'-' 
HpHCJ rHrHpHCJCC pHpHChW 

pH pH C4 JO UD > C C4 tO V* pH rH 04 ^0 -O CO C- ^r wO t"# 

pHrHrHiH iHpHpHpHpH 

0(OrHtotainiotoc'rHiotoxO'0'*'toOp^'0'rcoo~~ 

C'J(He'0'H’OCJrHOOC'tO<aCMrHOC.''a<!ritOrHlOO 


1 C^<75rH iHCHtOlOCDpHCn-OC^i-OpH^ — ^?0<005rt05t0tD 
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pHCHeOOC^Opa^nr — IHOinrOCDCvJnrobt^ 

pH pH pH rH iH rH iH rH 


rHC4C4nriOtDC^0D05OpHrH<MC4Ot0C^C3C5OpHpHCCC4C>: 

ipHrHrH »HpHpHpHpH pH rH rH rH H pH 

nr'OOC-0050pHpKC4CHnrH^tCD-C0050pHrHC‘JCWCV' 


tD C* t* C4 .O JO C4 to *0 H*0 to ?D JO nr JO >0 lO to to C‘J to 

.3«t0H5!0t'^■t0t0t0!0^J!0.■0^oe0^0■a<^0^O<'J 


OrHtO'J"COCOWNr<J>t-Cv!tOCiC>Jto^OtOiOMC3lOCJS^.~ 
.?i.OlOOOOOOOOrHrHOH!0 SSCCWCiC.'rHrHrH !3 <3 
OOOCV.'CJCJC'JCJCOC'JOJCJC^N'? — 

CJ.-H>-H<:-l'Otra>rHrHC'OtOt^CyOC'Oi-lOOt-OM 
3S3S!'^S'5*'^-7'="'rOOOOOrHrHrHCiOOO 
O O O O O C> O O O O O Cj CJ CH C-i C. cti CJ C. CJ CH Csl 
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tOC^COOaOrH<^iOt^OtOt^COO>rH^u5C^COr-OCM^<OC^CO*0!OtOtO!0| 

rHrHrHrHrHri i-HrHrHrHrH rHrHrHrHrHrHrHrHrHi—T 

*0 

e(»A) 

074B-I JT»-i9nj po^ioej^too 

Oi^iOtOiOtOCMrHCMC^CMtOHtOtOC^aSCJCMCM^rHCMtOOCOiOtDOCMtO 
CftOmm©<jiCMT?iiOOQC^C^t-OrH?OtOCOtOtOc3CM’^<OCOtOCOOO 
O rH O O O O rH rH rH rH OOOOOrHrHrHrHOOOrHrHrHrHWCMrHrHrH 

ooooooooooooooooooooooooooooooo 

«*aoo»o*«oeo*«o«oo«eooooc*^«**o 

O 


((4snJU5 qi)(-itl)/QT) 

^9U uo pee-aq uopqdnnBUoa 
Tonj 0TJT09ds peq09.ijoo 

— -t* O to ^ lO tO *— » 4 TJ >0 rH CM rH rH ©COrOOt-iO^COr-H 

d ctf dC^CMtOt'rH^lO aj d d (Q fh ^ ^ rj* d cStOfOtO^tOrH'^^sOC* 

ww wlO to CO ^ w? lO *^www« lO CO ^ ^ wwjO <OtOiOrf>cOtOtiOCiC> 

oOwdo** oowooe e*4oo«*»o0 

OeOrHHrHrHH lOrHHrHrHrH CMrHrHHrHtOH:»:OCMrH 

rH 

rS 

0) 

(^n/<iz) (aAc)/^M 
uofqdtanauoo xonj paqooaaoQ 

TO«H®0»rt'<J*C>rtTOac0TOrtOt^O'<»O<DOOCRO'^C6C'i-<O5<» 

■<?lD®>-(t'«>roTOC~TOTOt-/-IOO>Wrt5''«‘TOTOlOTOOO«'Cv}OTOOa 

o 

(ooo/qx) 9/{g|ul‘BA) <jioxj 
i\T» AOXUT"X*o° psqOBJJOO 

TOTOt-TOTOWTO'OO-^C-TOTO-'J'CJTOrJ'rtt'OTO'J’OTOfflOtOTOWN'O 

(0<HCO.O-9>'<3<OJTOTOrH<OrtrHrHOiHTO®0<-IC'ltOTOaR8'<rOC-OJO> 

NiOtOV'0<or-t-C-Ort'<J*TOTOC'OOOOi«)t-0®HS^5H<M«tO« 

ri 

(qi) 9 /“h 
qsnjqq qeu paqoajaoo 

-»10®®C'iOTOO'»tO®Tj<C'C'®TOe't'.HHt't-t-.Ht'HO<OTO®® 
lOOlOOt'®iOTOQO®'<J*TOO«)0>tOt'C'5>ON«TOQOa*OTOTO'>l<0> 
rtOHi-t^rHHC>«®-OB’HOJ^<»Cl'>)‘--ITO 1 OTOrtO>rHM'<J*TOO 
III i-l®CJiO:OiIi ■-IWNrt'l'i i-IW:0'>J<s‘ r~i 

TO 

rH 

(qi) <3/^£ 
qsnjq^j qaf paioaaaoo 

®r-l01C3<-l®OON»Hr-t'®TOi0'<3<t-TO^®0><3>®N®TOt00JC'<0'n 
<-lt~IO‘«®0®OiO<OrH®'<?‘rt®vO»rt'<S"C.t'«OTO'Ot-tOM'«r®lON 
rt^®03TO®®t'N®TO®S5HWHB'HmOtOi-«Or-4C-t-IO'<rTO®'P 
WrlOJlOrrTOJJ <-ICyrt'V-'5®«OrHOJ'pTOC't'ffl rV 

r-i 

(ladJ) ^/K 
P99ds euxSue p9q0 94uoo 

coooaoo>NeiTOoc-o®oo®oo-<}<oooe'TOtoin<Dr-iNTO 

i<jONOOir;g®iHC'C'OOrH®®<-tTOOTi'®C'®TOTOiHt~ini-iiOrt 

lOtOC'fflOlOO®MC'iOt'®®Oi-lt'W®OOH?)Ort®IO'<r>OlO<0 

lOtOC-COCifHCMCMlO«Ot£>>COC5rH03CMtO.'OCOOrHCMCM{OtOtOtOC^OCi 

rH rH rH rH rH <H rH rH rH rH rH rH rH rH rH 

iO 

rS 

(Ho) Sj; 
•Gan^-Qjodciai 
^GX^no-ex^^ou-^en-Btpcs 

C»a?rHH?<x:*CM(?>N©t^rOOC^CM{OlOC^05tOC)^^COO®rH.-^lOfMrHJ5 
tO’H«OOiU>fCOOOrHCM!000'st«®OiOC}OatOCMC^CMCMtOt-OiOC^C- 
tOtOr-C^COCarHfO-^lOiOtDC^COOrHCMrtlOlOt-OrHrt^mrHrH^'rHrH 
rH rH rH rH rH «H rH rH rHrHrHrHrHrHi**rHrH 

lO 

fi 

B/J 'oxqaa JXB-X9ry 

f-IIOOr-lOO>-l®'<j<'<J<®WTOOOlOrtO®<»iHOO®'<l<W(OfflOi-ltC 
m®^'^-^t'Ol-lIO^rt®®TOtDtTO■-<•0's<'^'■o^oa>^-^!OlOO^"^^« 
OOOOOOi-lf-IlH— IOOOOOO.-1i-liHOCOOrtrHr-l(y.HiH<-lr-l 

oQooooooooooooooooooooooooooooo 

o 

rH 

{{qsnJtjq qx)(*tq)/qT) 
'qenjqq qeu uo pae-eq. 
uoxqdnmsuoo x®!^! ®TJT®otIS 

TO O CC >J< ® i-l TO ’J* to TO '-‘•-'O TOClTOlOWWTOTOTO 

a a aOTOOB'OTOO a a aTOTO•>l'Or^o a SHTOOaTOiOB'TO'aTO 
C* p-l TO !0 CJ N to—'"-'— 'O TO lO lO to tO — — F-t ■<J'B*!OlO«OWtOC'TO 
• oo««*«o««o 

« to rH rH rH rH rH vO rH pH rH rH rH CM rH *H rH rH tO tO ?0 CM rH 

rH 

10 

rH 

(>iq/qi) 

'uoxqdmeuoo x®*^d 

lOOTOTOrtTOTONt'TOOTOiHt'TOCvl-'aO^HWrOlOOTOTOOTOCiOTO 
rHTOTOt'TOWt^TOB''aOTO'<art(MTOrHOOiO'<rO®TO5<r-ITOClTOtHC' 
lOrt«O^TOC-OejiOQtOW'<rTOt-iH'5<t'0'<J<JiOtOC^O''5*«t‘5«q'»<B‘ 
i-li-l-IH Mi-lt-loj f-trHWCJ 

CM 

rH 

(o»f/qx) S'Bjf. *»oxj axB 

q e X q no - 0 X z xou- q snaqr 3 

Ot'lOHTOwOC-OC'TOTOTOOTOWrHWWi-ITOHTOTOt-Wt'C'IOTOO) 

HWTOTOtOTOt'TO'J’TOiO(-ie^'tOW-f>TOtO'<J<TO«®WTO.j«Oo;N'<rOTO 

.^^0>0®0^TO<r>OCJ■0TOt'O■>^'0>.■0v•TOe'■<PTOt0®Or^^0.-l0TO®® 

iHHiHflWCJC'lsOlO'Oi-lHOejW'OrttOrtWC^tOtOtltTr'r 

rH 

rH 

(09B/qt) 

JIOXJ JIB q9XUX-x»O0 

OTOTOCJr><r-ITOt'OTOTOrHTO<-l<-IC'TO<H'<rlO®>tOTOtOTO'<3'00>OW 

®<Ot'TOWUOC-®i-*NTOr'C^TO®TOr-rtWtOTOTOtOC'^OTOO®t-l® 

0000«0.o06.»..00o0.t30a*o0000006 

o®in®®TOTOO«!0''?c~O'roi0'<fOt'i.0TOii"TO-4ci^rtTOTOoa 

iHflHr-iCvlNWr'>t0rti-lrH«WC-l:0!0TOt0W04OrtTti<'^ 

o 

rH 

(qt) “d ‘qenaqq qou 

C>tOrHOt0^^p.'0>0'^OWrHOx?*AO»0'fl<03J^CDOV*C«JCMO/^tO 
CMrHlO^O^~^OOOCJrHrHtDOOtOlOmO^O•^rH^“'«^''Q"^-^0•^LDOuOlO 
rHrHl rH^COOCi‘M*OJrH|rH^COOCMtOCMl>‘>0>CMrJ*D- rHrHCM 

II rHrHrHii iHrHrHl iHrHrH 

O) 

. (qi) 

'qsHJqq qof exBOg 

C''M»^:CMC^O^OC^«>tOr^OOCOCJ^•0>tOOrH03r^OrHtO•O^^OcOCM 
rHC^OL0C0TC0rHi3C5OCM0>C0rH»i>CMC0^OCDCM-0TrC^0»C^O^0rHl0 
rHrH!0'^<0O'««C^CirHrHt0^>CMC^OCMtOtO0>J^CMtOC0rH pHrHCMrt 

rHrHH^CM' rHi-HCMCMCM HCMCMCMSO 

TO 

(qt) ^d 

qenuqq qaf poqaxnoxBO 

TOOTOWOi-IOOCje'OOlOWOJTOOO'aTO^r-IW'VTOTOC'TOE'W't? 
.HOOC-i-ITO-o'TOWlOMWOOtaWOt'tONr-lC'OOVtaTOTO'fl'Mt-l 
f-INlO'a’t'OTOC'OWWIOTOaCJai-IIOTOTOOTOtOC^TOCJ >-IWtO 

HrHOlNO} -IrHWTOWrO 


(Ho) 3 ‘Tj; 
OimqaJSdnsq psquoppup 
qaxux-jOBBoadnoo 

TOlOHtO(Of-|lO'<3'!OrtC~C';C\!«'OTOOTOOtHOrHOi-liHrtTO'«'TOO® 

TOC'C-C't'C'C'C-C-t'TOTOTOTOara®OTO-^-<tHt-lrH-HiH-OTOTOTOTO 

to 

(tada) 

K 'p99d6 eupSus 

ooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOPOOOOOQOO 

OOOOOOOiOOtOOOOOOQtOOJ^OOOOOOtOOOOOO 

»O^Ot^COOOrHrHCMCMtOC^COO>OrHrHCMCMCOC>OrHrHCMCM-OOC^GDO 
rH ^ rHrHrHrH»-H t-t rH r-t rH rH 

to 

(Ho) 

Oj; ‘ Bunq-BJodaeq 

?050C^COCiC**CMrH^C>C^CMf^CMCM'»trHOlOlO'«Oy3tO^^CD«£>COtOOO> 

tOtOtOcO‘OiOtOp<i>OiO«)OOC^C>CO(DO>C^C^C^COCOOOa33)OcOCO 

yf 

(•Bq-B qj bs/qx) °d 
our.sssud oxqaqB x®uwrix 

<DHrHrHrHCOCOvCOC3rHrHrHrHrHC3rHC3a5rH^rHrHrHpHrHtOtOlO'OeO 

C'<i>cocDcoocDC‘COcoa)cocr>oococDa>cDS)C^aj.acococoo<j>Oioo 

to 

Oh ‘aaqcmu qoaH qqSxxd 

(OWMCJ!OU<rtrtC>;WTOC-TOe-TOTOTOC'TOC'TOC'tC'OTOTO.OTl<irt^ 

c-c^c-C't't-r't^C'r'®®TO®am®®oooooooociwfarjo' 

«06eooQQeo»»oo»»ftoo««*&o»»aoooo 
O rH rH rH rH rH rH rH 

CM 

0d/S3 'opqau 
euriBBoad-CBy 

Op»£‘rHVrHCDCOtOOCMOC-iO^CD(J>CMOi'OOCMcO'3<CMtOC>tOiOiOOi 

CMOHHCMtOrHCMrHCMWtOCM?OCMCMCM5''>CM?i>^-OiOOrHtO^-C*«i^rt 

^^^^}i^T}»^’«j*T}*^iOO^OOtotOtOOOOOOOOOOOOOO 

rHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHi-HCMCMCMCMCMCMCMrHrH*^f-HrH 

rH 

(qj) 

opnqxqxv 

O'OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOQOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

j)i0t0^i0t0L0i0i0i0i0i0Oi0<0/>i6t0i0i0t0M^t0u0J^t0t0t0t0i0U) 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCHCMCMCMCMCiCMt*0-OtOrt‘O 


wna 

Or^CMt0■^'-0^0^*C^C>OrHCM^^'^•Ot0^•C00iOpH0Me0^tnooC005O 

COCOCOCOCOCOCOaDCOO^OiOaOOOC^OCiOOOOOOOOOOO-H 

rH rH rH rH rH rH rH rH rH rH rH 


.NACA 

' ' » 1 ' 



















NACA RM NO. SE7L22b 


m 


13 


rHlOHlOlOlOWOlOO«OOrHC'0«3ia'<J'0<Or-tCJHt''^tOCOC|lO(DrHr-l<D«5tOCt)C-C'iH<»C'-«<®tO.-IC30>tO 

I— { r—i (— < r — i r~^ r-t rH r~i r—i r — ( r — 1 f—i r-l r-i r—i r-^ I — i r—^ r~i i — i r-^ I — < fH i—t I — ( f r—i r—i O'* 

K>.3<®10 — «r®®mwt-C'®r-t®WOHO®®®®W~WOC'<M-'<-IW'^t-iiOt~ rO ® —'~0 ® rH w o o ® ® 

c*'«j<®^lO®tO®C~OOC''»<OW'HW®t-0 eSO®OH tf®C'®^'^OC'®0 a 3®C^t'®®0(-tfH 

•Nr^NW■— •Wr^<HrH/-«rW rl a r-l r-l rH r-l i-l i-l Ci Qi 

cooo ooooooooooooooooooo oooo oooooooo oooooooo 

• «0« «o*o o««*ooe* 

o 

^ N to N o O « O C) W inCDt^><0-*>COOtOtO--^ Q«i^CJ«OC* OJ *-l C> <0 CO 

C^^cOH t3 d cSOtOrHCO^O d d d dCOOOOOcO 

LO lO to eo r-lO^lDCOiO^^ — to tO •W'— -w-'w- O w £> lO 

4»oooo oo*« Q^«*oooo o*^o«o 

r-< iH rH rH ^OtOC^HrHrHr-4r-( r-l K> «— « fH r-4 p-< 0JrHr-1r-( CO C4 *— 1 rH ^ 

^H®t-l'^®t-®'*0OW0>®O®®rt®t'®WOOC>l~OO®®'-'t0"»’.H-<)'®®® N O ® O O rt 

d®®® arooN®'«j*e-®(0®wNOC'®®ci(-iOpi 4 n"®®od dC'®'^oo®tot 

o — oK»oo®®f-o 

Wrt«0'<r diH>-(dCJ 01 ®^'»®ddddWrt'<S‘®lS i-ldd«OJrt'<<<® NWCJ(OtO '«<®0 

t'®®®®dt'^0®«<Ht-d®®wmtOfflWOOn>^d®Nt'®rtr-ltOHO®Ort®«t-WOO®fflO-<r 

r^®d«©o>«c>®ec»®ooow.^t^dO®woos!®®t>o®io«®wtowto^<:R®,-o.-ow!Ot~io®® 

•4>®®®r-«WWrt»0'^®®®®®WW®Tp®®t-C'O eO-q<®®f-lr-(WrttOiJ'®®®dOStOtO'<s<®®C'C~C- 

^'tOCOtOWO^lO<00<-^C^>C^OOln^OtOCiO^^CJtO-^£^^0<0«^)•^^■^•lO^Or^tO^OO«c*OCO^C'lOJO^OCD 
OiOCOtOOO mtOlOCOOCMCOtOC^iHCOtOCOt^COlOO dOiCJOiWCO tOWlOtOO^JOOOd^OWC^'^^ 

tOCJtOCJ»H| rHOCO^tOO^tOC3Ci|H<OtOOlOCO«^OCOtOO»| r-f^COC^y>CvJCitO|lrt>lD<OOCO 

rHCJNtOl rHWCieOtOlt HC-^lOtO «Hr-ICQ09 rHCitQll iHOJ.'OO 

rt«OOiHOC3CiiHC-OiOO^O<OWOO<Ou0 05*i5 0tO--^WCO^tOC»OtOO®«>OJt*i-tC^Oi^rt'5'C^tOCOOiO 
•5‘5^im*3<CJCC>lOC3C^OrMCO^OiHC^t-lOOiWe^OOrHdOf-4lO^COOC>CJC^l>i-«CJiH'«»^COC^Otf550C'»-4C^ 
OcOWCOCiW^>Ot-iOtftHC^COrtW<DWrHCM^tOO> — rOeOW■^^^^0*^^•OcocD^•lOWtO^OO^f-^r-^tOlO^. 
WWtOlO iHOJtO-^lOiO .HWtOrt rHiHCiO*^ i-IWiOsJ<U^U5 

O®®®®®®®^®©®®©®®®®®®©®®®— ®0®®0®®0®tOO®0®OM®'>S<NOt010TS' 
d®o>«‘©ooo®C'a®®®®®i-iTf'a®®®w®aC'®®wo®C'rtc-c-ra®0'j*w®to®'>pK'3<OM 
C'00®'j<®®r'®®®d®w«wm®0w'»®r-i®~®mrar-t'>j'^®®e-m00C'0®a0r-iN®«®tH 

OrHCMCj’^*OtOt*0)0<HNNtOtO»OU)C«00»-IC\JtO« OOrHOJ^iO<OC-a>0»-IOJW-0 40(02>CiO«HOJ«tO 

f-C rK rH rH ^ rH iH iH iH 

®mrt®o^®®®®®c~w^c-fflC''i>®t'®®®®'«~®®®'«‘d®®w<-)W«rH®rtOrt®oo®®oo 
®®lH®n®®C'®®C'®C'd®®d®®®®«-l'l'Qtf'l'W®i-l-l‘W®®rHC'dWOt-000'<S‘0®®^0 
i-in«i'ioc-ooao®®®w®®®®®C'ffl®wn'<i<^ — ^®®'q'®o®w®©ow'3<w®®e-C'ffl®o«®® 

diHiHiH drHdrHiH diHdiHddd diHiHrHi—l rH d r—i r-i 

iO80C0«0'^<7>CJrHOt^^0>^^O'^0>«t0a)t'O><0^i0WC0C3‘^t^«0O0iC*-^O iH^— 'O O OJ ^O *0 pH CJ 

CJtO^lO diHSOOI^HOiHCJ^tOt^tOOOOOCJtHtOtO dO-VlO^W^OC^ d dO^■^^OfHCVJT^^-Cv 

rH r^ rH fH ^ rH r~* rH rH *H rH rH rH rH rHrHiHrH OOOiHrHrH ^ r—i r-i **— ' ^ rH rH rH iH rH rH rH ^ rHrHrHrH*H»HrHfH 

OOOO ooooooooooooooooooo oooo oooooooo oooooooo 

o 

®t-®0~ — ' ® O ® ® rt d d C-'^'^'~>® ® ® N ® ® rt ® ® ® ® > t> ts rt ■<!* ® ® T? 

c-t-'^f® « cJ®®®C'®mddO <s a aw®C't-H«-i aod®>n a ®r-i®®®da a aa®®trrtd® 

y* ® ® W — ' ■ — ©®OtCOrOP^>*OrO ■ — • ’ — ' — ® O O ro ."C' P* ' — v ® JO ^®®t^Tp t?i ' — w- ' — - — ^ rO ® ® ® 

♦ oo« ^•«ceo«c« «4»««o •ik^o ,_c*oo*o 

rH fH rH rH QO>H*CirHrHrHrHrH tOlOrHrHrHrH CJ rH rH iH ^5?tOH*OJrHrHrH OrtrHrHrHrH 

H . d 95S-< 

t'l0OO'^OO®WdW«'<3<O®O®®Od®®ddM®d«O«~®O®®®®ra O— -~® -a* ® O d ® ® ® 
a^mt-N an®'40C'mt'®®®'<i‘«®dffld®Nd0®N®® a®w®©'<s‘we*® a es®®®®®®®® 
w®t-» — Nwn'a*a>®t-oOo®Mrta>-a'®o£5®«®'<i«“5® — d®N®rta< ® ®'—^w « ® ® -a* ® > t- 
d d d d d 

'<«t'®00®'a'®®t'®'a‘0o®®a‘©0®n®'3‘rt-~®®®o®a<-a‘0r-i0000®®0d®®®®d® 

®t'®w®®r-ao«-a'®O®ac-c~a'Of-'a«®a<waCTb-®C'®i-i®®®®a"0w®d®®«Om®OO 

« Q«o*»*ooo»*»o»»4»»»*e* O’w' oo*o*»o««e«»«t«ooo*o««« 

iH»0^«niO»0<0>OCS}t}*Ot^C^C-OCOOWH<t-OOH t/3t-CDCOrHrtt0^tOtOC300tOH«^Ot-OCiOWC>; 

f-i r-i r-i rHrHiHrHrHiHrH r-frHrHrHrHWW rH rH rH^rH 

c•■a'Ow^®»rt«w•<rOo■a■o®d®Owoddw<-'®t-d®®e-^-■a<ffl®d®^-®wwa••a■«d®o® 

dNd'J<®®C'®Wd®t-®t'®0«®®dr-0C-®ac-®®®rt®Wd®'a‘«®®W®dd®(M0W0® 

®-a'®®a'‘n®C'6®'f®c-e-C'C-o®N®t'OOd ®C'®fflNW'a>®®c-oO©rta<®®e-®Od«N 
dddd ddddddd dddWN® dd dddd 

M®t''p'a*dd®®®®®Wd ®©OH®®®aO'->C~d®®®dd®«®C'®-a«®®'a<NroC'NWWd 

c'rtN®«® ®o®a<®aOd®®®rt®®«C'®a'a>®®dd d®d®®®rt'a'di«3<d®mN® 

®®®t>ti d®®®aa<iii d®®>®'-'d®®'a<i d®na'iii dwrt®® 

® 

®®0®'j*C'e'®d®®a'®ts®o®0w®'a*®t'®^®®®®e'rtd'a*®0'a<®®c^OO®d®®t'®c- 
t'®®®®®0®®®0rt®®®®®00®®C'®®a®®o®W'a't-0®'a'ffl'a*a*®®®®0d'a‘W®® 
rfiot-to ddWrt®OOOd d«®'a<C'0«rt'-'dW'a"^ ddwrt®® dWrt^®t'0 

d d d d d 

®d'**®W®Wd0O«®dd®Ortn®3*®Od'<i''-'rt®®®«®'a'®-a‘rtrtOC'O®®®O®®®®-a' 
®®C'0®®d®®®®'S*t'da«®rtddO®®®®aOw®®W'a‘®®®®0®'a‘®®t'^Od®'a‘Ort 
a* ® C- ® dd®®®ra©dd d®®®C'ON'a"w®®-a''a‘ d®®®® dW®a>®®® 

d d d d d 

m(OH*K>tOCOC3tO<OOC^>000(OOOtOrHrHrHHeOir>a)COtOO tOjO lOOtO-^OWOWeQOOrHrHtOO’^EO 

oooooooooooooooooooooooouaooooooooooooooooooooooo 

OOOOOOOOOOOOOOIOOOOOOOOOOOOOOOJOOOOOOOOOOOOOOOOOOO 

OO^OOOOOOOOOOiOOrHOOOOOOOJOOosOOOWOOOOOOOO^iOOOOOOOOOUJ 

OiHfHCO^OOC^COOOrHiHCiOJiOOC^COOO^rHWCOOJOHH^inoC^COOOrHrH'^OtOt-OOOrHrHrH 
rH iH rH rH rH rH iH rH rH rHrHrHiHrH rHrHrH rHrHrH rH rH rH rH 

W-a*ffl®rtrt®dWO©e'rt®®a'®«a«Oda'dt'®«d^®®rt®®dw®®®rtO®®a<rtW'a'®® 
®®®ot“t'C'®®®C'® O'® ®®®^^^•^•^-t-®o®e'•a<®•a•®o®ffl®®^'ra®®©®^-o®o®oo 

®rt®®0rtrtw®®®®rt®00®®®®rt®®00®®®«®®®®©.®®0rtt'®®®®0®®®® 

®®®ttO®®®®o®®®®oo®®®®®®®oooooooooodO®dOd©ooodoooo 

ai'a‘a‘'a'W^a‘'^'a''a''J'a'^a*®®a*'a>a'a'a’a*a’®®®®®®rtrt®®rt®®®rt®®®®®®®®®® 

®t-t-OrtWOrt®W®rtrt®®®®W®®WWrtW'*'®OOt'rtW«Wd®Od'i!<OM®®dddO«« 

wwNW®®®®®®®®®®®c~C'C-r't»f-C'C'C'awc‘i®w®®®®®®®®®t't>c-C'C'C-r-C'C'C~ 

4«ooo«e««e«oode«**o»o*o •oeo«o»co#eooo«o*ooo«eo 

O 

®®®t-Wd®W®d®C-t'd®'a'0W0'a>00®W'*'®®®0mdOd©O®0©®®®®®C'®O®rt 
a'®®®d0®000000d00Md««M®N«a-a'W®®O0®0®®a>®Na©d®®®®OOd 
OOOOWNdWW®®®«wwa*a<'a''a>a‘a<'a'a‘'a> -^O 00©w®d®dd®d«®a<'a'a<rtrtp'>wa<a< 

t—i rHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHiHrHrHrH r— {fHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHr— IrHrHrHrHrH 

0©©©0000000000©00000000000000©0©0©00000©00000000 

oooooooooooooo©o©oo©ooQOooo©oooooooooooooooooooo 

00©0000000000000©©0000000000000©000000©©00©00000 

d®®a<®®t'®®0d®rt'a'®®t'®©0d®rt'a'®®e'0®0d«®-a'®®t'®®0dNrta<®®t'0 
dddddddddW®®®®®®®®®®®®®®rtrt®®®a*'a<a''a''a«a*a<'a'a<a<®®®®®®®®® 
ddddddddddddddddddddddddddddddddddddiHdddddddd d d d 



a 


not obtained 












14 




NACA RM No. SE7L22b 




TABLE II - AVERAGE PRESSIJRES AND TEMPERATURES THROUGHOUT liOCIEIED 
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484 

11,500 

1905 

502 

1797 


505 

1791 

1795 

1657 

1598 

i r ^ 

2035 

2337 

2717 

3077 

10 

5,000 

1.022 

.16 

1757 

Rig 

12,000 

2152 

503 

1798 

iliH 

505 

1791 

1795 

1645 

1520 

1 ; $ 

1942 

2259 

2667 

3047 

11 

5,000 

1.024 

.18 

1753 


12,440 

2433 

499 

1803 

M 

500 

1795 

1800 

1637 

1443 

11 ; fft 

1845 

2175 

2612 

3013 

12 

5,000 

1.041 

.24 

1752 

469 

4,000 

30 

513 

1824 

s 

514 

1824 

1821 

1817 

1829 

n £ ^ 

1893 

1914 

1935 

1970 

13 

5,000 

1.042 

.24 

1746 

471 

5,000 

72 

512 

1 V • 

i:S* 

514 

1819 

1815 

1809 

1823 

1880 

1922 

1957 

1999 

2042 

14 

5,000 

1.041 

.24 

1753 

470 

6,000 

149 

509 


1802 

511 

1825 

1825 

1807 

1852 


1992 

2042 

2105 

2168 

IS 

5,000 

1.041 

.24 

1752 

474 

7,000 

257 

510 

1 K ; 

1790 

511 

1823 

1820 

1797 

1836 

ilalS 

2041 

2111 

2196 

2294 

16 

5,000 

1.040 

.24 

1753 

473 

8,000 

430 

508 

1 3? P 

1772 

510 

1823 

1824 

1785 

1845 

n"r, " 

2105 

2204 

2330 

2464 

17 

5,000 

1.044 

.25 

1767 

474 

9,000 

687 

499 

1 S r 

1765 

501 

1844 

1845 

1783 

1873 

2035 

2189 

2330 

2541 

2746 

18 

5,000 

1.046 

.26 

1767 

474 

10,000 

1078 

499 

1 $ i 

1729 

500 

1848 

1850 

1758 

1837 

2006 

2232 

2450 

2717 

2999 

19 

5,000 

1.047 

.26 

1760 

477 

11,000 

1584 

493 

1850 

1680 

494 

1843 

1847 

1720 

1713 

1880 

2168 

2450 

2802 

3147 

80 

5,000 

1.048 

.26 

1760 

479 

11,000 

1528 

500 

1852 


501 

1845 

1849 

1725 

1725 

1394 

2175 

2450 

2795 

3133 

21 

5,000 

1.048 

.26 

1760 

484 

11,500 

1823 

500 

1853 


501 

1845 

1848 

1707 

1612 

1774 

2056 

2380 

2767 

3203 

22 

5,000 

1.052 

.27 

1760 

489 

12,000 

2104 

502 

1859 

1653 

502 

1851 

1853 

1599 

1570 

1711 

2006 

2330 

2760 

3154 

23 

5,000 

1.053 

.27 

1760 

496 

12,500 

2373 

504 

1863 

1640 

504 

1853 

1858 

1691 

1485 

1619 

1901 

2239 

2689 

3105 

24 

15,000 

1.039 

.24 

1190 

454 

4,000 

18 

473 

1237 

1230 

474 

1237 

1238 

1233 

1246 

1267 

1289 

1303 

1324 

1338 

85 

15,000 

l.i42 

.24 


458 

5,000 

49 

469 

1240 

1228 

469 

1239 

1237 

1231 

1245 

1208 

1323 

1344 

1372 

1414 

26 

15,000 

1.038 

.23 


450 

6,000 

120 

473 

1242 

1225 

474 

1242 

1242 

1230 

1253 

1310 

1365 

1401 

1443 

1500 

27 

15,000 

1.043 

.24 


458 

8,000 

313 

470 

1243 

1203 

469 

1240 

1239 

1211 

1245 

1351 

1435 

1513 

1604 

1717 

28 

15,000 

1.040 

.24 


456 

8,000 

321 

472 

1245 

1207 

473 

1245 

1247 

1216 

1260 

1359 

1450 

1521 

1619 

1726 

29 

15,000 

1.043 

.24 


455 

9,000 

513 

474 

1243 

1182 

475 

1241 

1243 

1196 

1267 

1373 

1479 

1598 

1753 

1908 

30 

15,000 

1.046 

.26 


453 

10,000 

779 

474 

1248 

1159 

475 

1245 

1246 

1179 

1225 

1345 

1500 

1655 

1838 

2042 

31 

15,000 

1.048 

.26 


465 

11,000 

1165 

473 

1251 

1130 

474 

1247 

1251 

1159 

1134 

1246 

1436 

1648 

1887 

2133 

32 

16,000 

1,049 

.26 


463 

11,500 

1373 

473 

1253 

1118 

474 

1248 

1253 

1150 

1077 

1176 

1366 

1591 

1866 

2126 

33 

15,000 

1.051 

.27 


471 

12,000 

1578 

473 

1256 

1109 

474 

1251 

1255 

1144 

1014 

1106 

1296 

1528 

1824 

2105 

34 

15,000 

1.053 

.27 

1190 

476 

12,500 

1781 

478 

1259 

1104 

480 

1253 

1258 

1141 

958 

1042 

1225 

1465 

1774 

2063 

35 

15,000 

1.204 

.52 

1190 

464 

4,000 

-103 

494 

1432 

1422 

495 

1433 

1427 

1426 

1436 

1465 

1486 

1507 

1535 

1549 

36 

15,000 

1.208 

.53 

1190 

464 

5,000 

-96 

498 

1438 

1422 

499 

1438 

1431 

1427 

1443 

1493 

1428 

1555 

1591 

1634 

37 

15,000 

1.208 

,53 


465 

6,000 

-36 

496 

1437 

1414 

499 

1437 

1431 

1421 

1443 

1507 

1556 

1598 

1655 

1711 

38 

15,000 

1.206 

.53 

Si 

466 

7,000 

21 

496 

1436 

1405 

498 

1435 

1429 

1412 

1443 

1528 

1596 

1655 

1739 

1817 

39 

15,000 

1.204 

.52 

[( i1 ? i 

463 

8,000 

124 

499 

1434 

1389 

501 

1433 

1426 

1400 

1450 

1556 

1655 

1732 

1852 

1971 

40 

15,000 

1.209 

.53 

1!l:' 

468 

9,000 

339 

490 

1436 

1366 

490 

1434 

1426 

1383 

1454 

1566 

1693 

1827 

1989 

215o 

41 

15,000 

1.207 

.53 

nil:" 

469 

10,000 

614 

490 

1435 

1336 

491 

1432. 

1424 

1359 

1411 

1538 

1721 

1890 

2094 

2312 

42 

16,000 

1.212 

.53 

HU:' 

472 

11,000 

1029 

488 

1442 

1307 

490 

1437 

1429 

1340 

1320 

1446 

1665 

1890 

2158 

2425 

.43 

15,000 

1.213 

.53 

ilil” 

472 

11,500 

1257 

495 

1445 

1296 

497 

1439 

1432 

1332 

1278 

1397 

1615 

1862 

2165 

2446 

44 

15,000 

1.209 

.53 

' il” 

473 

12,000 

1508 

498 

1445 

1277 

500 

1434 

1427 

1317 

1207 

1320 

1538 

1791 

2122 

2432 

45 

15,000 

1.212 

.53 

il':" 

472 

12,500 

1749 

499 

1446 

1271 

500 

1437 

1438 

1314 

1151 

1249 

1468 

1728 

2080 

2411 

46 

16,000 

1.436 

.74 


476 

5,000 

-214 

508 

1700 

1681 

508 

1699 

1682 

1686 

1697 

1753 

1788 

1831 

1873 

1915 

47 

15,000 

(c) 

(c) 

ililiS 

501 

6,000 

(c) 

533 

(C) 

(c) 

533 

(c) 

(c) 

(c) 

1697 

1767 

1824 

1880 

1943 

2007 

48 

15,000 

1.429 

.73 


480 

7,000 

-139 

531 

1704 

1666 

531 

1701 

1683 

1673 

1711 

1010 

1867 

1964 

2056 

2147 

49 

15,000 

1.426 

.73 

iin?i 

479 

8,000 

-12 

512 

1700 

1645 

512 

1697 

1696 

1657 

1711 

1838 

1943 

2042 

2183 

2316 

SO 

15,000 

1.425 

.73 

1190 

479 

9,000 

148 

511 

1699 

1620 

512 

1696 

1696 

1638 

1718 

1845 

1993 

2140 

2323 

2514 

51 

15,000 

1.423 

.73 

1190 

482 

10,000 

457 

512 

1697 

1588 

512 

1693 

1697 

1612 

1676 

1817 

2021 

2204 

2436 

2675 

52 

15,000 

1.418 

.73 

1190 

486 

11,000 

994 

512 

1696 

1548 

512 

1688 

1690 

1580 

1584 

1732 

1978 

2225 

2528 

2816 

53 

15,000 

1.413 

.7JJ 

1190 

495 

11,500 

1299 

514 

1688 

1522 

515 

1681 

1684 

1560 

1507 

1655 

1915 

2190 

2528 

2851 

54 

15,000 

1.419 

.73 

1190 

503 

12,000 

1564 

521 

1697 

1514 

521 

1689 

1672 

1558 

145.8 

1598 

1859 

2147 

2521 

2673 

55 

15,000 

(e) 

(o) 

1190 

515 

12,500 

(e) 

528 

(C) 

(c) 

527 

(c) 

(c) 

(c) 

1401 

1317 

1577 

1253 

2281 

2647 


15.000 

(0) 

Id] 

1190 

519 

12.500 

JLsl 

534 

j£l 

(c) 

533 

(c) 

(c) 

Cc) 

1415 

1542 

1802 

2112 

2499 

2366 


*Uanufactvo>«r 's Instruziantatlon. 


^Data not obtalnad for ttirblne stator-stage static pressxires. 
CData not obtalnodt 
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26 

27 

28 
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31 
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36 1 
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Coapressor at a 
static proas 
(Ib/sq ft 
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abs . ) 

o 

h 

s 

JJ 

(9 

u 

o 

Q. 

B 

o 
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o 
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o 
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C "H 

c 

it 

Cf 

u 

s. 

E 

c 

At 
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o 
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CO 

c 

a 

cr 

O 
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a, 
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ks 
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n 
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u 
a 

o* 

W CO 

cs\ 
O H 

Static prosaui’o, p^ 
(Ib/eq ft aba.) 

to 

cu 

c * 

ys 

a a 
a 

C -P 

a 

c* 

r-4 CO 
O f-l 

Total pressure. Pc 
(Ib/sq ft aba.)® 

o 

k, 

3 

■H 

a 

t. 

o 

a 

S 

o 

it 

c a: 

itO 
d w* 

o 

V • 

C 

w ^ 

9 

U 

3 

At 

a 

u 

o 

a 

B 

o 

•P 

a 

O K 
PO 

O 

•o ^ 

C 

Total prosauro, 
(Ib/aq ft abs. ) 

Total prosauro, P 7 
(Ib/aq ft aba.)® 

Static preasure, 
(Ib/aq ft aba.) 

0 

3 

At 

C3 

s 

E 

0 

At 

0 CC 

AtO 

0 ^ 

0 

Zl ® 
c ^ 

M E-r 

CD 

0L4 

0 * 

U 03 
3JH 
03 a 
93 

0 At 

UkA 

a 

cr 

iH 0 

At A 

0 .H 

CO 

a 

© 

3 CO 

C3 

03 0 

0 

U At 

ac-i 
0 cr 

«-< 03 

P'V 

3^ 

At <-H 

• c 

3 

oz 

7 

8 

9 

10 

11 

1945 

1978 

19?9 

2013 

1985 

532 

534 

2050 

2049 

2032 

2010 

2006 

1234 

1306 

1809 

1802 

1786 

1216 

1801 

1755 

1 

2041 

2104 

2139 

2174 

2132 

550 

553 

2229 

2231 

2201 

2167 

2167 

1227 

1301 

1841 

1836 

1799 

1217 

1834 

1761 

2 

2181 

2273 

2336 

2386 

2336 

573 

576 

2483 

2484 

2440 

2392 

2392 

1211 

1285 

1891 

1872 

1822 

1200 

1881 

1768 

3 

2536 

2470 

25-62 

2665 

2597 

598 

603 

2800 

2808 

2743 

2674 

2678 

1209 

1279 

1953 

1949 

1863 

1180 

1946 

1777 

4 

2555 

2731 

2871 

3019 

2984 

626 

632 

3257 

3259 

3174 

3076 

3083 

1199 

1279 

2050 

2041 

1919 

1162 

2043 

1793 

5 

2822 

3061 

3273 

3512 

3505 

658 

666 

3863 

3871 

3762 

3632 

3643 

1205 

1290 

2202 

2196 

2007 

1180 

2193 

1812 

6 

3146 

3463 

3772 

4132 

4209 

693 

702 

4673 

4667 

4528 

4371 

4378 

1234 

1311 

2429 

2414 

2158 

1196 

2403 

1866 

7 

3386 

3816 

4252 

4801 

5027 

731 

737 

5616 

5618 

5451 

5263 

5273 

1332 

1421 

2764 

2739 

2392 

1300 

2731 

1962 

8 

3464 

3942 

4470 

5125 

5414 

746 

757 

6108 

6118 

5936 

5735 

5745 

1399 

1504 

2970 

2950 

2546 

1363 

2916 

2038 

9 

3453 

3998 

4603 

5373 

5786 

765 

776 

6494 

6504 

6313 

6110 

6128 

1485 

1610 

3152 

3118 

2686 

1428 

3092 

2112 

10 

3464 

4069 

4766 

5681 

6280 

780 

790 

6931 

6927 

6727 

6551 

'6555 

1578 

1696 

3363 

3309 

2851 

1501 

3293 

2229 

11 

1991 

2027 

2012 

2041 

1984 

540 

542 

2055 

2055 

2033 

20.09 

2005 

1095 

1147 

1807 

1801 

1780 

1078 

1804 

1756 

12 

2091 

2147 

2126 

2190 

2119 

556 

560 

2231 

2232 

2196 

2154 

2161 

1129 

1193 

1836 

1830 

1788 

1113 

1828 

1749 

13 

2246 

2330 

2387 

2422 

2337 

578 

580- 

2509 

2506 

2455 

2405 

2408 

1157 

1226 

1893 

1887 

1835 

1143 

1884 

1759 

■14 

2407 

2526 

2533 

2695 

2597 

602 

605 

2829 

2829 

2761 

2688 

2688 

1157 

1220 

1960 

1949 

1863 

1149 

1955 

1784 

15 

2619 

2788 

2929 

3062 

2985 

627 

634 

3273 

3281 

3192 

3096 

3102 

1167 

1237 

2046 

2042 

1924 

1135 

2045 

1778 

16 

2964 

3196 

3407 

3647 

3604 

653 

660 

3995 

3999 

3876 

3745 

3756 

1153 

1233 

2238 

2239 

2035 

1130 

2236 

1810 

17 

3788 

3619 

3935 

4308 

4365 

686 

694 

4878 

4872 

4723 

4555 

4566 

1203 

1270 

2479 

2471 

2203 

1160 

2472 

1855 

18 

3^06 

3949 

4414 

4984 

5231 

716 

723- 

5849 

5850 

5673 

5475 

5484 

1289 

1372 

2827 

2809 

2455 

1252 

2800 

1913 

19 

3485 

3921 

4379 

4921 

5153 

724 

731 

5762 

5752 

5581 

5388 

5393 

1301 

1381 

2798 

2781 

2427 

1268 

2768 

1906 

20 

3527 

4020 

4555 

5224 

5505 

744 

752 

6224 

6237 

6045 

5836 

5850 

1373 

1469 

3009 

2992 

2553 

1338 

2952 

1963 

21 

3576 

4132 

4752 

5555 

5977 

762 

773 

6712 

6730 

6523 

6310 

6326 

1469 

1576 

3214 

3189 

2T4S 

1416 

3164 

2036 

22 

3562 

4182 

4886 

5856 

6442 

783 

794 

7114 

7110 

6906 

6716 

6734 

1581 

1689 

3414 

3372 

2903 

1497 

3349 

2118 

23 

1366 

1387 

1401 

1401 

1359' 

502 

502 

1413 

1415 

1401 

1384 

1384 

1050 

1114 

1231 

1225 

1211 

1028 

1226 

1190 

24 

1442 

1492 

1485 

1527 

1478 

515 

516 

1562 

1562 

1540 

1508 

1513 

1066 

1138 

1261 

1259 

1226 

1044 

1252 

1192 

25 

1349 

1619 

1662 

1690 

1633 

540 

543 

1751 

1760 

1725 

1683 

1683 

1088 

1160 

1304 

1296 

1253 

1076 

1295 

1203 

26 

1830 

1963 

1977 

2182 

2146 

590 

594 

2350 

2358 

2290 

2221 

2224 

1089 

1159 

1426 

1414 

1318 

1073 

1423 

1221 

27 

1631 

1964 

2077 

2183 

2147 

594 

600 

2351 

2359 

2292 

2225 

2229 

1098. 

1171 

1422 

1422 

1333 

1066 

1420 

1222 

28 

2070 

2255 

2408 

2577 

2570 

625 

633 

2848 

2851 

2768 

2668 

2679 

1098 

1173 

1540 

1542 

1406 

1064 

1539 

1228 

29 

2239 

2485 

2725 

3006 

3091 

662 

669 

3415 

5429 

3329 

3218 

3222 

1164 

1237 

1720 

1718 

1523 

1130 

1712 

1256 

30 

2387 

2718 

3056 

3492 

3675 

699 

707 

4140 

4147 

4024 

3891 

3897 

1290 

1373 

1990 

1971 

1718 

1254 

1965 

1324 

31 

2401 

2774 

3125 

3703 

3971 

716 

724 

4454 

4457 

4332 

4189 

4200 

1369 

1458 

2131 

2119 

1831 

1323 

2100 

1370 

32 

2408 

2823 

3302 

3929 

4302 

738 

746 

4763 

4752 

4620 

4501 

4513 

1473 

1562 

2278 

2260 

1943 

1405 

2241 

1427 

33 

2401 

2894 

3443 

4175 

4569 

769 

772 

5035 

5047 

4868 

4768 

4784 

1610 

1687 

2415 

2394 

2061 

15 12 

2375 

1490 

34 

1563 

1570j 

1563 

1514 

1345 

511 

512 

1438 

1436 

1409 

1387 

1387 

635 

653 

1233 

1225 

1218 

654 

1229 

1187 

35 

1669 

1690 

1697 

1669 

1479 

531 

534 

1609 

1612 

1572 

1535 

1542 

754 

782 

1264 

1260 

1232 

741 

1256 

1190 

36 

1767 

1817 

1845 

1831 

1641 

552 

556 

1810 

1810 

1760 

1715 

1715 

832 

870 

1307 

1296 

1251 

829 

,1298 

1199 

37 

1901 

1978 

2035 

2065 

1866 

579 

584 

2086 

2084 

2014 

1954 

1957 

884 

936 

1363 

1359 

1279 

867 

1355 

1209 

38 

2084 

2204 

2295 

2373 

2176 

612 

617 

2474 

2471 

2373 

2302 

2309 

930 

988 

1449 

1443 

1336 

921 

1436 

1228 

39 

2334 

2510 

2664 

2819 

2678 

636 

642 

3045 

3052 

2925 

2823 

2837 

970 

1031 

1597 

1587 

1427 

955 

1582 

1247 

40 

2524 

2770 

3009 

3277 

3277 

671 

679 

3682 

3685 

3566 

3429 

3436 

1072 

1143 

1806 

1798 

1575 

1043 

1786 

1304 

41 

2700 

3038 

3397 

3840 

4030 

710 

718 

4507 

«02 

4368 

4213 

4220 

1235 

1313 

2140 

2115 

1832 

1197 

2113 

1445 

42 

2756 

3143 

3558 

4094 

4319 

738 

746 

4880 

4882 

4738 

4579 

4586 

1348 

1446 

2327 

2305 

1977 

1308 

2286 

1540 

43 

2763 

3192 

3692 

4333 

4692 

763 

773 

5251 

5255 

5101 

4938 

4949 

1465 

1582 

2508 

2481 

2136 

1400 

2456 

1648 

44 

2777 

3277 

3861 

4622 

5065 

788 

795 

5619 

5607 

5431 

5315 

5329 

1604 

1707 

2701 

2664 

2291 

1514 

2646 

1759 

45 

1943 

1950 

1943 

1859 

1443 

531 

533 

1654 

1655 

1589 

1549 

1549 

561 

590 

1268 

1253 

1227 

594 

1252 

1171 

46 

2049 

2084 

2098 

2042 

1626 

575 

578 

1877 

1873 

1804 

1746 

1750 

677 

704 

(c) 

(c) 

1260 

671 

(c) 

(o) 

47 

2285 

2288 

2330 

2309 

1887 

597 

601 

2198 

2183 

2098 

2018 

2025 

752 

783 

1380 

1366 

1301 

750 

1369 

1206 

48 

2443 

2570 

2654 

2697 

2295 

614 

619 

2675 

2668 

2563 

2457 

2464 

802 

786 

1491 

1486 

1359 

799 

1480 

1235 

49 

2682 

2858 

3020 

3133 

2795 

648 

656 

3271 

3267 

3128 

2999 

3006 

868 

907 

1656 

1648 

1467 

866 

1637 

1261 

SO 

2906 

3154 

3401 

3647 

3478 

686 

691 

4000 

3999 

3851 

3693 

3710 

992 

1044 

1912 

1902 

1646 

968 

1891 

1342 

51 

3126 

3485 

3865 

4295 

4414 

728 

735 

4960 

4956 

4799 

4618 

4630 

1210 

1274 

2337 

2309 

1983 

1162 

2294 

1543 

52 

3189 

3612 

4076 

4618 

4844 

752 

759 

5461 

5456 

5291 

5108 

5115 

1340 

1412 

2578 

2562 

2190 

1295 

2540 

1690 

53 

3246 

3724 

4281 

4907 

5231 

782 

790 

5893 

5907 

5727 

5531 

5545 

1454 

1543 

2811 

2781 

2380 

1410 

2754 

1830 

54 

3056 

3591 

4217 

4485 

5442 

808 

819 

6092 

6097 

5918 

5728 

5741 

1593 

1710 

(c) 

(C) 

2352 

1511 

(C) 

(c) 

55 

3260 

3781 

4393 

5146 

5562 

813 

824 

6230 

6238 

6058 

5865 

5883 

1595 

1729 

(c) 

(c) 

2535 

1526 

(c) 

(C) 

56 
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TABLE II - AVERAGE PRESSTBES AID TEMPERATURES THRO’TGH''"T KODIEIsri X24C-4B 

(Stations identified 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

J±1 

16 1 

21 I 

18 j 

19 1 

20 1 

c 

s 

c 

•a 

3 

r-4 ^ 

o 

•H 

0 

U 

o 

u 

3 

n 

0 

0 

a o 

1 a 

cc a. 

t. 

© 

c 

o 

C3 

SE 

•H 

fH O 

a. 

O 

u 

3 

0 

C3 

O • 

u n 

0 
O 
— t 

0 

** C" 
0 0 

© #-J 

c 

3 O 
£- a 

a 

u 

3 

0 

U 

© 

c. 

s 

© 

e 

c 

c 

3 C 

I 

u 

© 

o 

a 

0) 

o 

c 

«r4 

tJC 

5 

c 

CXe 

U 

0 

3 

U 

s: 

© 

© 

u 

3 

0 

u 

o 

a 

H 

o 

OS 

oo 

w 

0 

O 

T3 * 

C 

n ^ 

© • 

U 0 
3 .© 
0 0 
a 

O 

u u 
a 

a* 

r-t 0 
0\ 
X> 

o »-< 

O. 

© ^ 
u • 
3 « 
0 

0 0 
O 

U -ii 

au 

o cr 
0 

0 

fH 

eow 

c 

3 

0 

U 

© 

c. 

B 

o 

•c c 
oo 

o 

c 

^ 04 

C -H 
ft 

a. 

© • 

U 0 
3 

0 0 

0 

© 

U Ch 

a 

c* 

M 0 
0\ 
Ad .O 
0 <H 
e-w 

CO 

a. 

a . 

o • 

U 0 
3 ^ 

0 0 
0 

O Ad 
£. e-H 

a 

cr 

f-i 0 
-d ^ 

0 »H 

tA W 

w 

o. 

o — * 
u • 
3 0 

0 £i 
0 0 
© 

U Ad 

o c 

wX 0 

0 vO 

Ad pX 

cow 

Oor.pressor stator 
static press'ure 
(Ib/sq ft abs 

-stage 

?3 

.) 

1 

2 

3 

4 

5 

0 

57 

25,000 

1.042 

.24 

778 

483 

4,000 

16 

450 

912 

907 

448 

811 

810 

808 

813 

827 

841 

65 0 

862 

884 

58 

25,000 

1.041 

.24 

778 

487 

5,000 

45 

450 

810 

602 

449 

810 

809 

604 

S13 

834 

655 

683 

898 

925 

59 

25,000 

1.041 

.24 

778 

491 

6,000 

89 

449 

812 

799 

447 

810 

809 

801 

813 

343 

334 

919 

947 

932 

60 

25,000 

1.042 

.24 

778 

494 

7,000 

144 

449 

312 

793 

447 

811 

310 

797 

820 

870 

919 

961 

1010 

lOoC 

61 

2S,0w0 

1.046 

.26 

778 

462 

8,000 

230 

447 

815 

7S7 

445 

814 

812 

793 

827 

364 

947 

1003 

1074 

1144 

62 

25,000 

1.044 

.25 

778 

464 

9,000 

393 

445 

814 

7-71 

445 

812 

812 

779 

785 

862 

975 

1067 

1165 

1235 

63 

25,000 

1.049 

.26 

777 

455 

10,000 

608 

443 

819 

754 

442 

816 

816 

768 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

64 

25,000 

1.051 

.27 

781 

475 

11,000 

879 

443 

620 

733 

442 

817 

818 

754 

(c) 

(c) 

(c) 

(c) 

(c) 

(e) 

65 

25,000 

1.051 

.27 

784 

433 

11,500 

1036 

444 

825 

731 

442 

821 

823 

752 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

66 

26,000 

1.047 

.26 

781 

492 

12,000 

1191 

445 

826 

725 

442 

821 

823 

748 

63o 

692 

819 

974 

1185 

1382 

57 

25,000 

1.049 

.26 

778 

506 

12,260 

1257 

446 

824 

723 

442 

319 

821 

745 

612 

663 

768 

950 

1153 

1385 

68 

25,000 

1.206 

.53 

778 

451 

4,000 

-52 

452 

938 

931 

452 

938 

932 

933 

933 

954 

365 

932 

1003 

1017 

69 

25,000 

1.207 

.53 

778 

463 

5,000 


451 

939 

929 

452 

939 

932 

931 

940 

975 

1003 

1024 

1946 

1067 

70 

25,000 

1.202 

.52 

781 

451 

6,000 

WM 

464 

940 

924 

455 

935 

940 

929 

943 

985 

1027 

1056 

1091 

1133 

71 

25,000 

1.209 

.53 

781 

467 

7,000 

50 

454 

945 

922 

454 

944 

937 

927 

936 

999 

1056 

1098 

1161 

1225 


25,000 


.53 

781 

453 

8,000 

132 

464 

943 

911 

465 

943 

942 

928 

950 

1027 

1091 

1154 

1239 

1330 

K S 

25,000 


.53 

781 

454 

9,000 

263 

464 

946 

897 

465 

945 

945 

909 

964 

1034 

1125 

127 7 

1330 

1457 

E! ^ 

25,000 

il 1 5 il 11 

.53 

781 

458 

10,000 

477 

465 

949 

87S 

466 

945 

943 

895 

922 

1007 

1133 

1252 

1393 

1541 

K > 

25 , 000 


.53 

781 

458 

11,000 

778 

465 

949 

855 

455 

945 

947 

877 

851 

929 

1077 

1239 

1422 

IcOo 

K : 

25,000 

V.iii 

.54 

774 

450 

11,500 

954 

465 

948 

343 

465 

944 

94o 

866 

309 

360 

1027 

1196 

1406 

Ic2»5 

77 

25,000 

1.207 

.53 

774 

460 

12,000 

1109 

464 

939 

628 

455 

954 

935 

355 

753 

315 

957 

1133 

1358 

157C 

78 

25,000 

1.209 

.53 

781 

466 

12,500 

1296 

465 

948 

631 

455 

944 

945 

358 

711 

774 

908 

1098 

lc37 

1577 

HE 

25,000 


.52 

796 

505 

12,500 

1195 

492 

962 

S45 

491 

957 

957 

873 

754 

817 

965 

1141 

1330 

1599 

80 

25,000 

tvCra! 

.73 

776 

463 

5, 000 

-129 

459 

1106 

1093 

459 

1105 

1090 

1095 

11C2 

1144 

1155 

1193 

1229 

1257 


25,000 

feKfii: 

.72 

781 

453 

6,0C0 

-113 

473 

IICO 

1032 

473 

1100 

1095 

1096 

1112 

1151 

1203 

1239 

1283 

1337 


25,000 

1.416 

.72 

781 

4-57 

7,000 

-51 

470 

1108 

1030 

471 

1105 

1092 

1087 

lies 

1175 

1239 

1295 

136o 

1435 


25,000 

1.411 

.72 

781 

458 

8,000 

39 

473 


1054 

4 73 

1102 

1098 

1074 

1119 

1203 

1274 

1351 

1457 

1555 


25,000 

1.424 

.73 

761 

459 

9,000 

176 

472 


1054 

473 

1112 

1106 

1058 

1126 

1210 

1523 

1422 

1532 

1696 


25,000 

1.431 

.74 

788 

457 

10,000 

434 

471 

1131 

1C43 

4 71 

1123 

1126 

1068 


1195 

1344 

1435 

1654 

1323 

86 

25,000 

1.418 

.73 

768 

462 

11,000 

804 

474 

1121 

1012 

475 

1117' 1115 

1039 


1112 

1283 

1454 

1332 

1393 

87 

25,000 

1.428 

.73 

774 

461 


1006 

472 

1105 

986 

4 74 

1105,1099 

lOlo 

943 

1C27 

1203 

1394 

1640 

1303 

88 

25,000 

1.415 

.72 

798 

454 

12,000 

1223 

472 

1120 

989 

473 

1115 

1113 

1021 

908 

985 

1154 

1353 

1619 

1355 

89 

25,000 

1.426 

.73 

788 

469 

12,600 

141 ■’ 

472 

1130 

990 

475 

1124 

1122 

1024 

865 

943 

1105 

1316 

1596 

ISOS 

90 

25,000 

1.622 

.85 

781 

459 

6,000 

-210 

49-7 

1268 

1246 

497 

126*^ 

1256 

1231 

1274 


1372 

1415 

14 71 

1527 

91 

25,000 

1.630 

.87 

761 

462 

7,000 

-164 

491 

1273 

1241 

492 

1273 

1251 


1291 

1353 

1422 

1435 

15 C2 

164 0 

92 

25,000 

1.527 

.86 

781 

453 

8,000 

-59 

4 91 

1272 

122 7 

492 


1-259 


12 SC 

:572 

145'^ 

1541 

Iccl 

A 7c2 

93 

25,000 

1.635 

.87 

781 

462 

9,000 

106 

491 

1279 

1214 

492 

1277 

125o 

1230 

1233 

1379 

1499 

lcl2 

1"* Z2 

19C7 

94 

25,0-30 

1.624 

.86 

781 

472 

10,000 

431 

485 

1272 

1132 

48o 

1266 

1261 

1202 

1239 

1344 

I 0 C 6 

15C1 

1344 

2j27 

95 

2o f 000 

1.628 

.86 

788 

4-74 

11,000 

856 

486 

1263 

1165 

4 36 

1283 

127 7 

1195 

1175 

1281 

1478 

1662 

1923 

2121 

96 

25,033 

1.629 

.86 

781 

431 

11,500 

1084 

487 

1278 

1142 

4S3 

1272 

1256 

1175 

1112 

1217 

1413 

X © wO 

IPO'*” 

2104 

97 

25,000 

1.632 

.87 

788 

488- 

12,000 

1295 

4S8 

1292 

1143 

489 

1206 

1231 

1179 

1070 

1158 

1365 

1591 

1957 

21C1 

98 

25,000 

1.629 

.86 

788 

495 

12,500 

1535 

439 

1290 

1132 

490 

1264 

127-9 

1171 

1-C5 

1093 

1255 

1527 

lc3^ 

2133 

99 

25,000 

2.065 

1.07 

781 

473 

8,000 

-244 

510 

1517 

1562 

511 

1613 

1590 

1573 

IvOv 

1733 


1943 


2203 


25,000 

2.070 

1.08 

774 

475 

9,00'' 

-10 

510 

1507 

1531 

51-1 

1602 

1578 

1545 

1519 

1731 


2015 

2139 

2365 

lEml 

25,000 

2.052 

1.07 

781 

475 

10,000 

379 

510 

15^8 

1502 

511 

1603 

1531 

1525 

1534 

I'^IO 

BBB 

2063 

7 ^ * 

2o27 

llBw 

25,000 

2.055 

1.07 

781 

463 

11,000 

944 

510 

1611 

1470 

510 

1605 

1535 

1502 

14 99 

154 V 

13 72 

^ X vO 

2535 

26-OS 

103 

25,000 

2.064 

1.07 

781 

484 

11,500 

1248 

510 

1619 

1459 

511 

1612 

1593 

i4P6 

1450 

16S4 

1330 

2090 

2414 

2 71? 

104 

25,000 

2.012 

1.05 

781 

494 

f 000 

1479 

511 

15B3 

1405 

511 

1571 

1561 

144o 

i«i44 


171 j 

1978 

235-' 


105 

25,000 

2.035 

1.05 

781 

498 

12,500 

1734 


15S4 

1396 

513 

15 ”^5 

1570 

1440 

12 74 


1623 

1900 

1999 

i-i'.c 


^Manufacturer's instrusentation. 


^Tata not obtained for turbine stator-stage static pressures. 
*Data not obtained. 
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TURBOJET EHGIl.-E WITH 170.6-S<5UARE-IRCK EXHAUST HOZZLE - Continued 
In figure 3.) 


d 

El 


B 

IB 

B 


B 

ll^Si 

1^9 

. 31 

32 

33 

34 

35 1 36 

37 


2.^ 



Gonpressor st? 
static cress 
(Ib/sq ft 

itor- 

tre, 

abs. 

stape 

?3 

) 

0 

1 
a 
u 
c 
a. 

E 

- 

c s: 
o 

c 

M ^ 

e 

u 

a 

u 

o 

z 
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a 
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c c 

a 

c 

— ^ 

X - 

Oe 

o • 

a ” 
3 J2 

c'j a 

ov 

o -O 

a 

c- 

1—4 C) 

a\ 

x> 

O rH 

a. 

0 

0 • 

u n 

t: a 
a 

M S-l 

c* 

a 

S'v, 

^ £t 
0 ^ 

c. 

5 t; 

4'- JD 

n a 
? 

0 c 
— 0 

a ^ 

r-t 

Xi 

X 

C • 

i, 0 
a x> 
c. a 

ffi 

c:. 

c 

u » 

a a 
n 

0 ^ 

“ 0 * 
^ a 
3\ 
Xi 

0 ^ 
E-- 

t 

a 

a 

u, 

c 

E 

C' 

c a: 

V 

> 

X - 

C «H 

l-t ^ 

1 

c. 

c c 
Q 

f. 

- 

*2 

1 

t 

“"a 

c ♦ 1 a * 

a jO 1 a 5 

as, a a 

a ; t. 

0 d.9 1 C/ 
c- t, 
a c. 

cr 

rH 0 l ^ a 
a a*^v. 

1 — .a 

Or-4 
4 C“ **-' 

c 

a. 

C*— ' 

t • 

a ci 

Si 13 
a a 
c 
h 

0 cr 

X a 
CO'-' 

3 

C 

a 

E 

c 

'5C’ 
r ^ 

0 

c« 

c • 

M a 

a X 
« "* 
9 ^ 

,-i rt 

c < 

- 

a. 

5 

a .a 
n a 
c 

Q.^ 

CJ ^ 

n 

n 

B 

9 

m 

m 

0 ^ 

w 

25 

5 

898 

919 

912 

926 

\ 905 

478 

478 

941 

940 

930 

919 

919 


1200 

806 1 805 

794 

1056 

803 

7 78 

57 

947 

982 

975 

ITOW 

975 

495 

496 

1033 

1038 

1019 

1000 

996 

pwpI 

1153 

627 I 827 

804 

1056 

823 

785 

5S 

1017 11074 

1067 

1123 il088 

517 

519 

1171 

1172 

1149 

1123 

1123 

PVlvJ 

1161 

854' 855, 619 

1052 

849 

737 

59 

1116 1106 

1193 

1285 

|1250 

540 

544 

1361 


1331 

1292 

1292 

1062 

1121 

889 884 845 

1037 

884 

794 

60 

1222 

1313 

1341 

1468 

'1461 

565 

572 

1593 

1587 

1552 

1503 

1507 

1069 

1130 

946' 940 

877 

1042 

945 

807 

61 

1398 

1331 

1581 

1785 

1606 

597 

603 

1989 

1995 

1938 

1859 

1373 

1073 

1136 

1051 ,1045 

952 

1047 

1045 

627 

52 

(c) 

(c) 

(c) 

(c) 

CO 

631 

637 

(c) 

(c) 

(c) 

(c) 

(c) 

1153 

1215 

1188 '1166! (c) 

1112 

1177 

860 

63 

(c) 

(c) 

(c) 

(c) 

(c) 

667 

672 

(O 

(O 

(c) 

(c) 

(c) 

1304 

1375 

1392 1375 

(c) 

1259 

1353 

935 

54 

(c) 

(c) 

(c) 

(c) 

(c) 

68o 

593 

(c) 

(c) 

(c) 

(c) 

(c) 

1409 

1478 

1S07 1402 

( = ) 

1342 

1475 

998 

55 

PiSn 

11 E s • 

'2199 

2804 

3065 

712 

714 

3354 : 3354 

3242 

3135 

3139 

1548 

1502 

1512 , 1501 

1377 

1462 

1533 1053 

55 ! 

pMdI 

: S ^ S 


2907 

3161 

726 

727 

34681 3442 

3325 

3200 

3287 

1641 

1685 

1659 ■ 1654 

1420 

1542 

1632 

1089 

67 ' 

liiH'l 

il t E : 

•lAiul 

««J|»W 

891 

471 

471 

951 

961 

941 

926 

925 

633 

656 

815 806 

792 

577 

308 

778 

58 

fwid 

' 3 S t 

purU 

WPI?J 

996 

488 

487 

iFEW 

1031 

1056 

1028 

1031 

725 

751 

833 827 

813 

719 

831 

785 

59 



1112 

523 

525 

1222 

1225 '1191 

1154 

1161 

819 

863 

857 6581 823 

819 

860 

784 

70 

1281 

1344 1337 

1415 

1288 

536 

539 

1449 

1450 

1403 

1355 

1358 

843 

890 

912. 908 

851 

839 

910 

797 

71 




1633 1520 

578 

583 

1726 1724 

1666 

1605 

1612 

894 

951 

973 9541 834 

890 

958 

803 

72 







2114 

2119 

2042 

1958 

1971 

959 

1020 

1083 1084 

959 

929 

1071 

815 

73 , 

ilvtl 

's5r 

2062 


IwSn 



KHiM 


KM«M 

2407 

2414 

1074 

1141 1242 1245 

1032 

1039 

1230 

851 

74 ' 





tux'! 

688 

694 

3145 

3153 

3058 

2935 

2960 

1245 

1317 

1475 1471 

1265 

1195 

1454 

935 

7o ! 


2105 '2414 


tmx'l 

708 

714 

3411 

3414 

3315 

3207 

5217 

1354 

1438 

1610 , 1605 

1372 

1298 

1575 

995 

75 ! 


2506 

2992 

3252 

732 

737 

3513 

3604 


3418 

3425 

1475 

1546 

1715 1703 1464 

1401 

1691 

1051 

77 , 



kow3 









1599 

1858 1851 

1591 

1540 

1834 

113-. 

78 



rcSI:l 









3593 


1S7S 

1904 1SC3 1542 

1528 

1773 

1099 

79 1 




975 

494 

495 

1111 

1109 

1071 

1038 

1038 

000 

550 

838 827 

813 

668 

327 

775 

80 i 

11372 ,1408 1422 

1393 

1125 

524 

525 

1293 

1295 

1249 

1203 

1210 

546 

660 

871 865 

837 

545 

853 

784 

81 

1492 

1565 ' 1527 

1598 

1337 

546 

547 

1544 

1541 

1485 

1425 


707 

744 

931 929 

860 

697 

921 

797 

82 



mi 



576 

585 

1862 


1604 

1731 


760 

633 

1007 1C05 

920 

766 

1002 

303 

83 


P0SK1 

iVil 


612 

619 




if-*™ 

kdild 

853 

901 1136 1133 

1013 

843 

1130 

825 

=4 



''i: 



649 

656 

2935 

2935,2834 

2724 

2731 

995:1052 1367 1372 1160 

556 

1354 

895 

So ' 



sS 


695 

701 

3590 

3597 

C437 

3359 

3372 

1215 

1291.1564 166S 

1434 

1168 

1650 

1027 

85 : 




3' ‘ ] 

3463 

712 

719 

3684 

389313776 

3650 

3564 

1332 

14101 1624 1S16 

1555, 1233 i 1797, 

1109 

87 ‘ 


B8ph 



3801 



4203 

4195 ! 4065 

5974 

3984(1452 

1531 11994 1565 

17011 1503 

1552 

1207 

88 

imAifeiisVi 


3759 

4111 



4533 

4373 

4277 


1604 

1675 

2153 21-10 

1830 

1491 :2119 

1308 

89 




1534 

1119 

538 

541 

IKQI 


1279 

1229 


647 

562 

384 973 

842 

5211 877 

784 

90 

1703 

1760 

1768 

1774 

1351 

560 

565 



iBrnM 

UfM 



554 

942 936 

s?o 

525 

932 

797 

91 



2055 

1582 



BHM 

■BrBI 


iBH 



743 

1037 , 1027 

934 

700 

1025 

820 

92 



KMga 





2505 

2499 


HeBSi 


79S 


1205 1135 

1044 

792 

1191 

359 

93 







55S 

3171 

3182 


2923 

2942 

959 

101411455 1457 

1255 

92" 

1447 

925 

94 



WStSm 


BSil 

704 

711 

4021 

4019 

3895 

3752 

W59 

1198 

1267 

1846 1631 

1589 

1145’ 

1837 

1130 

95 

2428 12773 

3153 

3646 

3865 



4356 

436414233 

4067 

4094 

1316 

1399i2o34 2027 

1736 

1274 

2007 

1235 

^3 

2464 

2865 

3315 

3914 

4252 



4727 

4737 

4504 

4456 

4470 

1440 

1542 

2237 2224 ' 1907; 1374 '2190 

1358 

97 





774 


; 1 • ! 


4896 

4734 

4301 

1578 

1557 

2402 , 2366 i 2043t 1497 i2357 

1467 

93 


KCHVI 


\Vi\ 


603 

i S S 



2116 

2013 


567 

593 

1104 '1098 971 

592 

1092 

835 

99 



2816 

1 i S i 

■ ■Si 

640 

s ( 


tSSSSj 

2735 

2509 

2618 

731 

757 

1323 1 1316 

1133 

723 

,1308 

397 

100 



! • • fc 


681 

S s i 


3710 

3554 

3404 

5421 

929 

370 

1693; 1632 

1445 

909 11673 

1103 

101 

IWilisl 

¥wm 




726 

Cliii 


4702 

4548 

4375 

4389 

12C7 

1271 

219312175 

1370 

1160 2154 

1458 

102 

3040 

3442 

3886 

4414 

4639 

749 



5230 

5072 

4892 

4903 

1342 

1420 

2474 2442 

2105 

130D 

'2433 

1613 

103 

3006 

3456 

3970 

4604 

4935 

Bn 


Ull 

5561 

5388 

5209 

5223 

1452 

1536 

264212513 

2240 

14CS 

12593 

1721 

104 

3006 


4885 15371 

Eg 



5934 

5757 

5603 

5613 

1583 

1585 

286212323 

2414 

1509 

12793 

1853 

105 
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TABLE II - AVEHAGS PRESSURES AND TEMPERATURES THROUGHOUT M^'DIPIED X24C-43 

(Stations identified 



1C6 35,000 
1C7 35,000 
loe 35,000 

109 35,000 

110 35,000 

111 35,000 

112 35,000 

113 35,000 

114 35,000 

115 35,000 

116 35,000 

117 35,000 

lie 35,000 

119 35,OOj 

120 35,000 

121 35,000 

122 35,000 

123 35,000 

124 35,000 
126 35,000 

126 35,000 

127 35,000 
126 35,000 

129 35,000 

130 35,000 

131 35,000 

132 35,000 

133 35,000 

134 35,000 

135 35,000 
45,000 

137 45,000 

138 45,000 

139 45,000 

140 45,000 

141 45,000 

142 45,000 

143 45,000 

144 45,000 

145 45,000 

146 45,000 

147 45,000 

148 45,000 

149 45,000 

150 45,000 

151 45,000 

152 45,000 

153 45,000 
45,000 

155 45,000 
155 45,000 
157 45,000 
15S 45.000 


1.049 .26 
1.045 .25 
1.043 .24 

1.045 ,25 
1.039 .24 

1.049 .26 
1.055 .27 
1.053 .27 
1.057 .28 
1.212 .53 
1.201 .52 
1.165 .50 
1.209 .53 

1.205 .53 
1.201 .52 
1.2>9 .53 
1.207 .53 
1.207 .53 
1.211 .53 

1.206 .53 
1.4C4 .72 
1.420 .73 
1.412 .72 
1.420 .73 

1.424 .73 

1.425 .73 
1.430 .73 
1.422 .73 
1.422 .73 

(c) (c) 

1.046 .26 
1.059 .28 
1.059 .26 

1.050 .27 
1.209 .53 
1.201 .52 

1.198 .52 
1.201 ,52 
1.190 .51 

1.199 .52 
1.246 .56 
1.190 .51 
1.220 .54 
1.382 .70 
1.406 .72 

.72 


1.3971 .71 

1.3961 .71 
.70 
.72 
.72 


493 
493 
493 
493 
493 
493 
493 
493 
493 
500 
493 
493 
493 
493 
493 
493 
493 457 
493 483 
493 469 
500 495 
600 464 
493 458 
493 472 
493 474 
493 
493 471 
493 474 
493 481 
500 487 
499 


42 
62 
106 
161 
256 
372 
535 
:0 527 
00 754 
00 -24 
-21 
1 
35 
83 
198 
345 
559 
562 
801 
641 
-66 
-50 
-20 
31 


9oKpressor stator-stage 
static pressure, P3 
(In/sq ft abs.) 


515 
519 
524 472 
524 465 
524 462 
605 601 
593 587 
584 575 

597 584 
596 675 
593 562 

599 564 

598 537 
598 532 

600 529 
506 534 
702 694 
701 689 
697 560 
7C2 676 

704 664 

705 652 
709 636 
705 625 
715 529 
(o) (c) 
0 I 8 c05 

323 3:0 

324 294 
320 269 

365 c64 
364 362 
364 358 

366 355 
371 359 
355 346 
350 336 
371 i55 
373 332 
438 435 
426 421 
429 422 
445 43o 
424 410 
435 411 
424 394 
422 382 
429 38'4 
451 395 


517 
515 

514 

515 
512 
517 

520 
519 

521 522 
506 504 
592 590 
584 562 
596 594 

594 592 
592 590 

595 594 
595 


54- 
555 
549|577 
556 599 


570 365 

592 613 


(c) 
318 
321 
521 321 
316 319 
366 354 
364 565 
363 
354 


363 350 
360 359 

369 359 

370 356 
458 435 
426 422 


o21[ o92 
.485! 563 

416 

S99|o30|527 
5 99 1 620, 634 
565 
606 1 634 . 559 
599 1 641i 633 
549 
577 6271711 
521 670t 569 
500 549i 641 
472 521I6I5 
472 
704 
704 
697 7391732 
704 753 803 
704 761 831 
676 739 831 
613 569 792 
585 634 746 
549 


351|373|430 
c24l359l423 
(c) 


4 72 
4o3 
472 
451 

^75 1 409 


S94 1014 
SS7 1021 
880 1028 
387 1049 
739 810 

S17 352 

859 908 

922 993 

993 1084 
1042 1152 
1049 1190 
1035 1190 
1028 1197 
1007 1197 
437 472 

479 535 


437 458 

479 5C7 

493 549 

528 585 

570 548 

571 652 

(c) (c) 

472 485 

493 514 

549 573 


“Manufacturer 's instrumentation. 

^ata r.ot obtained for turbine stator-stage static pressures 
®Data not obtained. 
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TURBOJET ENGINE WITH 170.6-SQl'AHE-INCK EXHAUST NOZZLE - Concluded 
in figure 3. ) 











TABLE TIT - LTTBRICATTON ARD PTIEL-SYSTEM BATA FOR MODIPIET) X24C-4B TtJRBOJET ENGINE WITH 170.6-SQUARE-INCH EXHAUST NOZZLE 
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'-'^I'^OojoOcjtoaOrO'^’OiococococjwcDioocD^wo^iON-^oociiOoocO'^cncorHcoiot'Ocnai 

J^o^c■lCJICl^}t0C'J^0■^l0^^0r^w<^}'^J•0'J•(0^)<^ra^n<^)0>ooooo»-JC'l(^^^0!0C'CQc0CJ0>Ot-ll-l^0:c^;':' 

' — ' iHfHrHf— If— if— (i— (r-Hf— IrHrH f— If— ii— liHf— IfHr— IrHrHr— if— I'M i— If— If-lf— IrHi— lf-*4r-lf-Hf-l i-Hf-lfHf— l«HfHf-l 

CJCOCDt'OT:'O^OCJCOC3COCOiO'»'J5IOO<0>OtO''rf-l'J*OiOC'lOOOOTrtOOs^tOiOOOOO<C>>CO'^C3 

CJC30>Of-lf-lCJrttOrtlO-^fO'^'-IOJC'iCJtO'^tOM’'^U2iflC~C001050WWOJf-lf-lf-lt-COC^05COOcOCJWCJCvK5 

1 — 1 f— If— If— If— Ir^fHf— If— If— If— IfHf— If— If— If— Ir-lf— IfHfHf— liHf— 1 f— IfHi— If— If-IrHf— 1 •— If— IfHfHfHf-l 

COC\^C'lOlOOOOOOCO;0^'JrtIO'-^«D■~^(0>rtOOC'JO>tOCM^01:'060f-^lOr^^^C-Or^C^OC'i‘-'>«50tOf^COO■«<f-| 
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f— 1 f— 1 f— 1 f— 1 f— 1 f— 1 f— 1 r~l f— 1 f-< rH •— 1 

to<3)'.o«>iomoi«c\jc-ooc'COOtoto<or-oo>iriocvjv<io>cjojf-iC'C'OOy3iow^OfHc-<Mojc-Oto«3in 
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CONFIDENTIAL 


igure 1. - installation of X24C-4-B turbojet engine in altitude wind tunnel. 
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(a) Original configuration. 




(b) Modified configuration. 



Figure 2. — Comparison of original and modified combustion chambers. 
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Average Indicated temperature 
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Distance from Inner wall, in. 


Figure 4, - Comparison of average temperature patterns at 
turbine outlet for original and modified engines and- 
relation to manufacturer’s desired temperature distribution 
as calculated from blade stress considerations. Altitude, 
5000 feet; engine speed, 12,500 rpm; Mach number, 0,25. 
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(b) Net thrust. 

Figure 5. - Continued. Effect of altitude on variation of turbo 
Jet engine performance with engine speed. Flight Mach number, 
0.25. 








Fuel constunptlon, V/f, Ib/hr 



Engine speed, N, rpra 
(d) Fuel consumption 


Figure 5, - Continued, Effect of altitude on variation of turbo 
jet engine performance with engine speed. Flight Mach number, 
0.25. 






Specific fuel consximption based on net thnust 
lb/(hr)(lb thrust) 
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Engine speed, N, rpm 

(e) Specific fuel consumption based on net thrust. 
Figure 5. - Continued. Effect of altitude on variation of turbo^ 
^et engine performance with engine speed. Plight Mach number, 
0.25, 



Fuel- air ratio, f/a 


35 


o. - uuxiu±nuea. c-iiect oi aitituae on variation oi turDOj' 
engine performance v/i.th engine speed. Flight Mach number, 0.25. 



Exhaus t- nozzle- oiit let total temperature 


NACA RM No. SE7L22b 




34- 



Pigure 5. - Concluded, Effect of altitude on variation of turbojet 
engine performance with engine speed. Plight I^ach number, 0,25. 
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Figure 6, - Effect of flight Mach number on variation of 
turbojet engine performance with engine speed. Altitude, 
25,000 feet. 



Net thrust 
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Figure 6. - Continued. Effect of flight Mach nur.ber on vari- 
ation of turbojet engine perfor^.ance with engine speed. 
Altitude, 25,000 feet. 
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Flgiire 6, - Continued, Effect of flight Mach number on vari- 
ation of turbojet engine performance with engine speed. 
Altitude, 25^000 feet. 



•Fuel consumption, Wf, Ib/h 
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(d) Fuel consumption. 


Figure 6. — Continued. Effect of flight ?iach number on vari- 
ation of turbojet engine performance with engine speed. 
Altitude, 25,000 feet. 
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Speciric fuel coneurnption based on net thrust, Wf/Pn, lb/ (hr) (lb thrust) 
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(o) Specific fuel consunotion based on' neb thrust. 


Figure 6. — Continued. Effect of flight Mach number on vari- 
ation of turbojet engine performance with engine speed. 
Altitude, 25,000 feet. 








Exhaust-nozzle-outlet total temperature 
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(g) Exhaust-nozzle-outlet total temperature. 


Figure 6. — Concluded. Effect of fli^t Mach number on vari- 
ation of turbojet engine performance with engine speed. 
Altitude, 25,000 feet. 
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(a) Corrected Jet thrust. 

Figvire 7. - Effect of altitude on variation of generalized 
turbojet engine performance with corrected engine speed. 
Flight Mach number, 0.25. 



Corrected net thrust, Pn/6, lb 






Corrected air flow, (Wa,iV^)/6, Ib/sec 
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Corrected engine speed, K/^fO", rpm 
(c) Corrected air flow. 

Figure 7, - Continued. Effect of altitude on variation of 

generalized turbojet engine performance with corrected engine 
speed. Flight I.'ach number, 0.25. 



Corrected fuel consumption, Wj[*/(6 ->[6 ) , Ib/h: 
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(d) Corrected fuel consunpticn. 

Figure 7. - Continued, Effect of altitude on variation of 

generalized turbojet engine oerformance v;ith corrected engine 
speed. Plight Mach number, 0,25, 




Corrected specific fuel consumption based on net thrust 
Wf/(Fjj^), lb/{hr)(lb thrust) 
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(e) Corrected specific fuel consximption based on net thrust. 

Figure 7. - Continued. Effect of altitude on variation of 

generalized turbojet engine performance with corrected engine 
speed. Plight Mach number, 0.25. 



Corrected fuel-air ratio, (f/a)/0 









Corrected exhaust-nozzle-outlet total temperature, T 0/9 
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Figure 7. - Concluded. Effect of altitude on variation of 

generalized turbojet engine performance with corrected engine 
speed. Flight ^»'ach number, 0,25. 


Corrected fuel consumption, \Vf/{6-{Q), Ib/h 
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(b) Corrected net thrust. 

Figure 8, - Continued, Effect of flight Mach number on variation of 
generalized turbojet engine performance with corrected engine 
speed. Altitude, 25,000 feet. 
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(c) Corrected air flow. 

Figure 8, - Continued, Effect of flight Mach number on variation 
of generalized turbojet engine performance with corrected 
engine speed. Altitude, 25,000 feet. 
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(d) Corrected fuel consumption. 
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Figure 8, - Continued. Effect of flight Mach number on variation 
of generalized turbojet engine performance with corrected 
engine speed. Altitude, 25,000 feet. 






Corrected specific fuel consumption based on net thrust 
Wf/(PriVe), lb/(hr)(lb thrust) 
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(e) Corrected specific fuel consumption based on net thrust. 

Figure 8, — Continued. Effect of flight Mach number on variation 
of generalised turbojet engine performance with corrected 
engine speed. Altitude, 25,000 feet. 



’Corrected fuel-air ratio, (f/a)/0 
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Figure 8, - Continued^ Effect of flight Mach number on variation 
of generalized turbojet engine performance with corrected 
engine speed. Altitude, 25,000 feet. 


Corrected exhaust-nozzle-outlet total temperature, Tq/© 
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Corrected engine speed, N/V©, rpm 
(g) Corrected exhaust-nozzle-outlet total temperature. 

Figure 8. - Concluded, Effect' of flight Mach number on variation 
of generalized turbojet engine performance with corrected 
engine speed. Altitude, 25,000 feet. 









